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PREFACE TO THE SECOND EDITION. 



The conlial rweption with which this book lias met, 
and the demand for a seeond eiliti(m, afford the autlior 
no small degree of gratification. In revising The Prin- 
ciples of Bacteriology advantage has hwn taken of the 
vahiable suggestions kindly offered by the reviewers of 
the first edition, for whicii the writer here acknowledgers 
his indebtedness. 

The section of the work devoted to descriptive bac- 
teriology has been somewhat extended, but no effort has 
lx*en made to cover the entire field, only those s(K»cies 
l>eing introdu(?ed that are comi)aratively common, or of 
imjM>rtancc in enabling the student to acnjuire a funda- 
mental working knowledge capable of wider application. 
Wherever practicable, these descriptions have bwn sup- 
plemented by illustrations, for the majority of which 
the author is rt»s(>on8ible. The introduction of colored 
figures in the text is a new feature in this edition, and 
one which should incrc»ase its usefulness. A sketch (»f 
the evolution of our knowknlgc upon immunity and 
infection has lKH.»n intnKluccil, and an outline of appa- 
ratus nei*(»88arv for a -lK»giuncr*s lal)oratorv has been 
appended. 

G6266 



PREFACE TO THE FIRST EDITION. 



In preparing this book the author has kept in niinil 
the needs of the student and practitioner of medicine, 
for whom the import^ince of an acquaintance witli 
practical bacteriology cannot be overestimated. 

It is to advances made through bacteriological re- 
search that we are indebtwl for much of our knowledge 
of the conditi(ms underlying infection, and for the 
elucidation of many hitherto obscure problems con- 
cerning the etiology, the modes of transmission, and 
the means of prt»vention of infectious maladies. 

Only within a com[)aratively short time have students 
and physicians been enabled to obtain the systematic 
instruction in this science that is of value in aiding 
them in their efforts to check disease. The rapid in- 
crease in the numl)er who are availing themselves of 
these opjwrtunities spi^aks directly for the i)nictical 
value of the science. 

As the majority of those undertaking the study of 
bacteriology do so with the view of utilizing it in 
medical practi(«, and as many of these Ciui devote to it 
but a i)ortion of their time, it is desirable that the 
subject-matter be })res(»nted in as direct a manner as 
|K>8sible. 
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I'HEh'ACh: TO TilH FIRST EDITION, 



I'n'Hiiinin^; tlu* reader to Ihj unfamiliar with the sub- 
Jeely (he author haH rc>8trieted himself to those funda- 
mental (eaturen that an* eHKchtial to its understanding. 
TIm* olijeet luiH been to present the important ideas and 
methodH an eoneisely as is e<mipatil>le with clearness, 
and al (he same time to a(;eentuate throughout the 
Mndrflvinj^ prin<'i|ileH which govern the work. 

With the view of in<lueing inde|)endent thought on 
till' |Mirt of the* student, and of diminishing tlie fre- 
ipienry of that ott-heard query, " What shall I do 
next •/** ex|»eriments ha\x» been suggested wherever it 
in poHsible, These have been arranged to illustrate the 
Hidient |M>ints of the work and to attract attention to 
the minute <letails, ujwn the observation of which so 
much in bacteriology depends. 

-*v. >_•. ^'V. 

I'lin Ai'KU'iiiA, IHccmber, \bV\. 
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BACTERIOLOGY. 



INTRODUCTION. 

"Omne vivum ex vivo"— The overthrow of the doctrine of spontaiieouK 
geneimtion— Earlier bacteriological studies -The birth of modem bacteri- 
ology. 

The study of Bacteriology may be said to have had 
its beginning with the observations of Antony van 
Ixjeuwenhoek in the year 1675. Though it is during 
the past decade and a half that this line of resean^h has 
received its greatest impulse, yet by a review of the 
developmental stages through which it has ])asseil in its 
life of more than two centuries we see that it has a 
most interesting and instructive history. From the 
very outset its history is inseparably connected with 
that of medicine, and as it now stands its relations to 
hygiene and preventive medicine arc of the utmost im- 
I)ortan(?e. It is, indeed, to a more intimate acquaintanct^ 
with the biological activities of the unici»lhilar, vege- 
table mi(!ro-organisms that modern hygiene owes much 
of its value and our knowledge of infectious dis*'as(»s 
has reached the position it now occupies. Though the 
contributions which have done most to plaw bacteriology 
on the footing of a science are those of recent years, still, 
during the earlier stages of its development, many obser- 
vations were made which formed the foundation work 

for much that was to follow. Before regularly l)egin- 

2 



14 BACTERIOLOGY. 

ning our studies, therefore, it may be of advantage to 
acquaint ourselves with the more prominent of these 
investigations. 

Antonv van Leeuwenhoek, the first to des(Til)e the 
lM)dies now recognized as bacteria, was born at Delft, 
in Holland, in 1632. He was not a)nsidered a man of 
lilniral education, having l)een during his early years an 
aj)|)renti(!e to a linendrai)er. During his apprenticeship 
he k»arned the art of lens-grinding, in which he became 
so j)roficicnt that he eventually ix'rfwted a simple lens 
by means of which he was enabled to se(» objects of much 
smaller dimensions than anv hitherto seen with the best 
com{)ound microscopes in existence at that date. At 
the time of his discoveries he was foHowing the trade 
of linendraixjr in Amsterdam. 

In 1675 he publish(Ml the fact that he liad succeeded 
in {H^rfccting a h^ns by means of which he could detect 
in a drop of rain-water living, motile ** animalcules " of 
the most minute dimensions — smaller tlian anything that 
had hitherto l)een seen. Encouragwl by this discovery, 
he continual to examine various substances for the 
l>resiMice of what he considertHl animal lif(» in its most 
minute form. He found in sea-water, in well-water, in 
the intestinal canal of frogs and binls, and in his own 
diarrhceal evacuations, obj(»cts that differentiated them- 
selves the one from the other, not only by their shape 
and size, but also by the pci'uliarity of movement which 
some of them were seen to possess. In the year 1(>83 
he discovered in the tartar scraped from betwe(»n the 
teeth a form of micro-organism upon which he laid 
special i^tress. This observation he embodied in the 
form of a contribution which was prcsentt^l to the 
Royal S>ei(»ty of I^)ndon on September 14, 1G83. This 
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paper is of particular importance, not only because of 
the careful, objective nature of the description given 
of the bodies seen by him, but also for the illustrations 
which accompany it. From a i)erusal of the text and 
an inspection of the plates there remains little room 
for doubt that Leeuwenhoek with his primitive lens 
had seen the bodies now recognized as bacteria. 

Upon seeing these Ixxlies he was api)arently very 
much impressed, for he writes : " With the greatest 
astonishment I saw that ever}'where through the ma- 
terial which I was examining were distributed animal- 
cules of the most microscopic dimensions, which movcil 
themselves about in a remarkably energetic May." 

This observation was shortly followed bv others of 
an equally important nature. His field of observation 
appears to have increased rapidly, for after a time he 
s|)eaks of bodies of much smaller dimensions than those 
at first described by him. 

Throughout all of Ijceuwenhoek's work there is a 
conspicuous absence of the sjieculative. His contribu- 
tions are remarkable for their ])urely objective nature. 

After the presence of these organisms in water, in the 
mouth, and in the intestinal evacuations was made 
known to the world, it is hardly surprising that they 
were immediately seized upon as the explanation of tlie 
origin of many obscure dist»ases. So universal l)ecimie the 
belief in a <;ausal relation between these " animalcules'' 
and disease, that it amounted almost to a germ mania. 
It became the fashion to susin^ct tlie pri»sonce of these 
organisms in all forms and kinds of disease, simply 
because they had l)een demonst ratal in water. 

Though nothing of vahie at the time liad \kh}u done 
in the way of classification, and still less in separating 



16 BACTERIOLOGY. 

and identifying the members of this large group, still, 
the foremost men of the dav did not hesitate to ascribe 

ft' 

to them not only the property of producing disease 
conditions, but some even went so far as to hold that 
variations in the appearance of symptoms of disease 
were the result of differences in the behavior of the 
organisms in the tissues. 

Marcus Antonius Plenciz, a physician of Vienna in 
1762, declared himself a firm believer in the work of 
Leeuwenhoek, and based the doctrine which he taught 
upon the discoveries of the Dutch observer and upon 
observations of a confirmatory nature which he himself 
had made. The doctrine of Plenciz assumed a causal re- 
lation between the micro-organisms discovered and de- 
scribed by I./eeuwenhoek and all infectious diseases. He 
claimed that the material of infec»tion could be nothing 
else than a living substance, and endeavored on these 
grounds to explain the variations in the period of incuba- 
tion of the different infectious diseases. He likewise 
l)elieved the living contagium to be capable of multipli- 
cation within the l)ody, and spoke of the [K)ssibility of 
its transmission through the air. He claimecl a special 
germ for each disease, holding that just as from a given 
ciTcal only one kind of grain can grow, so by the sjMX'ial 
germ for each disease only that disease can be pro- 

He found in all decomposing matters innumerable 
miuut<» " animalcnhe,'' and was so firmly convinced of 
their etiological relation to the process that he formu- 
lated the law : that decomposition can only take pla(*e 
when the decomposable material becomes (^oated with a 
layer of the organisms, and can proceed only when they 
increase and multiply. 
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However convincing the arguments of Pleneiz ap}>ear, 
they seem to have been lost sight of in the course of 
subsequent events, and by a few were even regarded 
as the productions of an unbalanced mind. For ex- 
ample, as late as 1820 we find Ozanam expressing him- 
self on the subject as follows: "Many authors have 
written concerning the animal nature of the contagion 
of infectious diseases ; manv have indeed assumed it to 
l)e developed from animal substances and that it is itself 
animal, and jwssesses the ])roi)erty of life. T shall not 
waste time in eflPorts to refute these absurd hypotheses." 

Similar expressions of opinion were heard from many 
other medical men of the time, all tending in the same 
direction, all doubting the i)ossibiHty of these micro- 
scopic creatures belonging to the world of living 
things. 

It was not until betwet^i the fourth and fifth decade 
of the present century that by the fortunate coincid(»nce 
of a number of important discoveries the true relation 
of the lower organisms to infw^tious diseases was scien- 
tifically jjointed out. With the investigations of Pasteur 
upon the cause of putrefaction in l)eer and the souring 
of wine ; with the dis(»overv bv PoHcndcr and Davaine 
of the presence of rod-shaixKl orgjinisms in the bhxxl of 
all animals dead of splenic fever, and with the progn^s of 
knowledge \x\yoi\ the parasitic nature of certain disea.s<\s 
of plants, the old question of "contagium animatum " 
again began to receive attention. It was taken up by 
Henle, and it was he who first logically tauglit this 
doctrine of in fetation. 

The main point, however, which liad occuj)ic<l the 
attention of scientific men from tini(» to time for a 
period of about two hundrcKl years subscMjuent to 
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rjceiiwenliock's dist'ovcries, was the origin of these 
1)0(1 i(?s. Do th(»y gonemte spontaneously, or are they 
th(» (l(\s(H»ndants of pro-existing creatures of the same 
kind? was the all-important question. Among the 
jiarticipants in this discussion were many of the most 
distinguished men of the day. 

In 1740 Xo(iflham, who held firmly to the opinion 
that the hfKli(\s wl>ich were creating such a general 
interest devel()|)ed spontiineously, as the result of vege- 
<4i<ive chang(;s in the substances in which they were 
found, att(mipt<Kl to demonstrate by experiment the 
grounds upon whi(!h he held this view. He maintained 
that th(^ bacteria which were seen to api)ear around a 
grain of barley wliit^h was allowed to germinate in a 
wulch-(Tyst4d of water, wliich had been carefully cov- 
ered, were the result of clKU]ges in the barley-grain 
itself, iucid(Mital to its germination. 

Spallau/ani, in 1709, drew attention to the laxity of 
th(^ methods canployed by Newlham, and demonstrated 
that if infusions of decouiposuble vegetable matter were 
phu'cd in flasks, which were then hermetiwdly sealed, 
and the flasks and their contents aUowed to remain for 
som(5 time in a vessel of boiling water, neither living 
orgjiuisins could 1h> dctccte<l nor would de<'om{K)sition 
appear in the infusions so treated. The ol)je<»tion raised 
by IVcviranus, viz., that the high tiMuperatun? to which 
the infusions had been sub j(»< 'ted had so altered them 
an<I the air about them, that the conditions favorable to 
sp(»ntancous genenition no lontrer exist(Hl, was met bv 
Spallan/ani by gently tapping one of the flasks that 
had been boiknl, against some hard obje<'t until a 
ininutr <ra<'k was produced ; invariably organisms and 
decoin|M»sition appeare<l in the flask thus treat^Kl. 
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From the time of the exj>eriraents of Spallanzani 
until as late as 1836 but little advance was made in the 
elucidation of this obscure problem. 

In 1836 Schulze attracted attention to the subject by 
the convincing nature of his investigations. He showed 
that if the air which gained access to boiled infusions 
was robbed of its living organisms by being caused to 
pass through strong acid or alkaline solutions no de- 
composition appeared and living organisms could not 
be detected in the infusions. Following quickly upon 
this contribution came Schwann, in 1837, and somewhat 
later (1854) Schroder and Dusch, with similar results 
obtained bv somewhat different means. Schwann de- 
prived the air which passed to his infusions of its living 
particles by passing it through highly-heated tubes ; 
whereas Schroder and Dusch, by means of cotton-wool 
interposed between the boiled infusion and the outside 
air, robbed the air passing to the infusions of its organ- 
isms by the simple process of filtration. In 1860 
Hoffmann and in 1861 Chevreul and Pasteur demon- 
strated that the precautions taken by the preceding in- 
vestigators for rendering the air which entered theses 
flasks free from bacteria were not nc^cessarv ; that all 
that was necessary to prevent the acci»ss of bacteria to 
the infiisions in the fljisks was to draw out the neck of 
the flask into a fine tube, bend it down along the side 
of the flask and then bend it up again a few inches 
from its extremity, and leave the mouth ojwn. The 
infusion was then to be lK)iled in the flask thus prepare<l 
and the mouth of the tulx^ left ojH»n. The organisms 
which now fall into the tube will l)e arrested bv the 
drop of water of condensation which collects at its 
lowest angle, and none can enter the flask. 
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Conclusive as this work may appear, there still ex- 
isted a numl)er of doubters who required further proof 
that " spontaneous generation " was not the explanation 
for the mysterious appearance of these minute living 
objects, and it was not until some time later that Tyn- 
dall, in his well-known investigations upon the floating 
matters in the air, demonstrated again that the presence 
of living organisms in decomposing fluids was always 
t« lx> exj)lained either by the pre-existenoe of similar 
living forms in the infusion or upon the walls of the 
vessel containing it, or by the infusion having been ex- 
posed to air which had not been deprived of its organisms. 

Throughout all the work bearing upon this subject, 
from the time of Spallanzani to that of Tyndall, certain 
irregularities were constantly appearing. It was found 
that particular substances required to be heated for a 
much longer time than was necessary to render other 
substances free from living organisms, and even under 
the most careful precautions decomposition would occa- 
sionally appear. 

In 1762 Bonnet, who was deeply interested in this 
subjec^t, suggested, in reference to the results obtained 
by Needham,the possibility of the existence of "germs, 
or tlieir eggs," which have the power to resist the tem- 
}>eraturc to which some of the infusions employed in 
Needham's experiments had lx»en subjected. 

More than a hundred vears after Bonnet had made 
this purely speculative suggestion it became the task of 
Ferdinand Cohn, of Breslau, to demonstrate its accuracy. 

Colin repeated the foregoing experiments with like 
results. He concluded that the irregularities could only 
be due to cither the existence* of more resistant species 
of bacteria or to more resistant stages into which certain 
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bacteria have the property of passinjr. After much 
work he demonstrated that certain of the rod-shaped 
organisms possess the power of passing into a resting 
or spore stage in the course of their life history, and 
when in this stage they are much less susceptible to the 
deleterious action of high temperatures than when they 
are growing as normal vegetative forms. With the 
discovery of these more resistant spores the doctrine of 
spontaneous generation received its final blow. It was 
no longer difficult to explain the irregularities in the 
foregoing experiments, nor was it any longer to be 
doubted that putrefaction and fermentation were the 
result of bacterial life and not the cause of it, and that 
these bacteria were the offspring from pre-existing 
similar forms. In other words, the law of Harvey, 
Omne vivum ex ovOy or its modification, Omne vixmm ex 
vivo J was shown to apply not only to the mort» highly 
organized members of the animal and vegetable king- 
doms, but to the most microscopic, unicellular creatures 
as well. 

The establishment of this point staved as an impetus 
to further investigations, and as the all-inij)ortant ques- 
tion was that concerning the relation of these micro- 
scopic organisms to disease, attention naturally turne<l 
to this channel of study. Even before the hypothesis of 
spontaneous generation had received its final refutation 
a number of observations of a most important nature 
had been made by investigators who had long since 
ceased to consider spontaneous g(»neration as a tenable 
explanation of the origin of the microscopic living 
particles. 

In the main, these studies had l)ecn conducted u|)on 
wounds and the infec»tions to which they are liable; in 

2* 
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fact, the evolution of our knowledge of l>aeteriology to 
the point it now occupies is so intimately associated 
with this particular line of investigation that a few 
historical facts in connection with it may not be without 
interest. 

The observations of Rindfleisch, in 1866, in which he 
describes the presence of small, pin-head points in the 
myocardium and general muscnilatiire of individuals 
tliat have died as a result of infected wounds oflFer, 
probably, the first reliable contribution to this subject. 
He studies! tlie tissue changes round about these points 
to the stage of miliary abscess formation. He refers 
to the organisms as " vibrios." Almost simultaneously 
Von Recklinghausen and Waldeyer descril)ed similar 
changes that they had ol>servc<l in pyaemia and occa- 
sionally seix>ndarv to typhoid fever. Von Reckling- 
hausen l)i'lieved the granules seen in the absi-ess-points 
to be micnx^occi and not tissue detritus, and gave as 
the reason that they were regular in size and shape, 
and gave s{>ecific reactions with |>articular staining 
fluids. Bin*h-Hirschfeld was able to trace bacteria 
found in the blo<xl and org-ans to tlie wound as the 
jM>int of entrance, and believt^d l)oth the local and con- 
stitutional condition to stand in direct ratio to the 
number of spheriwd biicteria i)res(Mit in the wound. 
He obstTveil also tliat as the orgiuiisms increased in 
numl)iT tliev could often l)e found within the bodies ot 
pus o^rpiisrlcs. His studies of pyiomia KhI him to the 
important <'<mclusi()n that in this (H>uditiou micro- 
orgiuiisms wen* always ]>resi*ut in the 1)1<kx1. 

Of iminens4' inijiortaiuv to the suhjivt wen* the in- 
vesti^rations of Klebs, made at tlu Military Hospital 
at Carlsnilie in 1870-71. He not onlv saw, as others 
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before bim had done, that bacteria were present in dis- 
eases following upon the infection of wounds, but 
described the manner in which the organisms had 
gained entrance from the })oint of injury to the internal 
organs and blood. His opinion was that the spherical 
and rod-shaped bodies that he saw in the secretions of 
wounds were closely allied, and gave to them the designa- 
tion " micros}K)ron septicum/' His opinion was that the 
organisms gained access to the tissues round about the 
point of injury both by the aid of the wandering leuco- 
cytes and by being forceil through the connective-tissue 
lymph spaces by the mechanical pressure of muscular 
(contraction. 

On erysipelatous inflammations secondary to injury 
important investigations were also being made. Wilde, 
Orth, Von Recklinghausen, Lukomsky, Billroth, Ehr- 
lich, Fehleisen, and others agreeing that in these condi- 
tions micro-organisms could always be detected in the 
lymph channels of the sulx^utaneous tissues; and 
through the work of Oertel, Nassiloff, Chissen, I>etze- 
rich, Klebs, and Eberth the constant presence of 
bacteria in the diphtheritic deposits at times seen 
on open wounds was established. Simple and natural 
as all this may seem to us now, the stage to which the 
subject had developed when these observations were 
recorded did not admit of their meeting with uncondi- 
tional acceptance. The only strong argument in favor 
of the etiological relation of the organisms that had Ih'cu 
seen, in production of the diseases with whicli they were* 
associated, was the constancy of this association. No 
efforts had lK»en made to isolate them, and few or none 
to reproduce the pathological conditicms by in(K*uhition. 
Moreover, not a small numl)er of investigators were 
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skeptical as to the importance of these observations ; 
many claimed that micro-organisms were normally 
present in the blood and tissues of the body, and some 
even believed that the organisms seen in the diseased 
conditions were the result rather than the cause of the 
maladies. It is hardly necessary to do more than say 
that both of these views were purely speculative, and 
have never had a single reliable experimental argu- 
ment in their favor. Billroth and Tiegel, who held to 
the former opinion, did endeavor to prove their {posi- 
tion through experimental means, but the methods 
emi)lovcd bv them were of such an untrustworthv 
nature that the fallacy of deductions drawn from them 
was very (juickly demonstrated by subsequent investi- 
gators. Their method for demonstrating the presence 
of micro-organisms in normal tissue was to remove bits 
of tissue from the healthv animal IkkIv with heated in- 
strumenti? and drop them into hot melted paraffin, hold- 
ing that all living organisms on the surface of the tissues 
would be destroyed by the high temj)erature, and that 
if decomposition should subsequently occur, it would 
pn)vc that it was the result of tJie growth of bacteria in 
the depths of the tissue to which the heat had not pene- 
tnited. Decomposition did usually set in, and they 
ju*cepted this as proof of tlie accuracy of their view. 
Attention was, however, shortly called to the fact that 
in cooling the contnw^tion of the paraffin caused small 
rents and (^racks into wliicli dust, and bacteria lodged 
upon it, could accumulate and finally gain access to 
the tissues with the occurrence of decomposition as a 
consequence. Their results were thus explain^xl after a 
manner analogous to that employ(Ml by Spallanzani, in 
1769, in demonstrating to Treviranus the fallacy of the 
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opinion held by him and the accuracy of his own 
views, viz., that it was always through the access of 
organisms from without that decomposition primarily 
originates. (See page 18.) 

Under the most careful precautions, against which 
no objection could be raised, these experiments of Bill- 
roth and Tiegel were repeated by Pasteur, Burdon- 
Sanderson, and Klebs, but with failure in each and 
every instance to demonstrate the presence of bacteria 
in the healthy living tissues. 

The fundamental researches of Koch (1881) ujx)n 
pathogenic bacteria and their relation to the infectious 
diseases of animals differed from those of preceding 
investigators in many im]>ortant respec^ts. The scien- 
tific methods of analysis with which each and everv 
obscure problem was met as it arose served at once to 
distinguish the worker as a pioneer in this hitherto 
but jmrtly cultivated domain. The outcome of these 
experiments was the establishment of a foundation u|K)n 
which bacteriology of the future was to rest. He, for 
the first time, demonstrated that distinct varieties of 
infection, as evidenced by anatomical changes, are due 
in many cases to the activities of particular si^cific 
organisms, and that by pro|)er methods it is possible to 
isolate these organisms in pure culture, to cultivate them 
indefinitely, to reproduce the conditions by inoculation 
of these pure cultures into susceptible animals, and, by 
(X)ntinuous inoculation from an infectwl to a health v ani- 
mal, to continue the disease at will. By the methods 
that he emj)loyed he demonstmted a series of sepanite 
and distinct diseases that can 1k^ prcKluccHl in mice and 
rabbits by the injection into their tissues of putrid 
substances. The diseases known as septiciemia of mi(.'e, 
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a disease characterized bv progressive abscess forma- 
tion, and pyajmia and septicaemia of rabbits, are among 
the affections produced by him in this way. It was in 
the course of this work that the Abbe system of sub- 
stage condensing apparatus was first used in bacteriology ; 
that the aniline dyes suggested by Weigert were brought 
into general use ; that the isolation and cultivation of 
bacteria in pure culture on solid media was shown to 
be possible ; and that animals were employed as a means 
of obtaining pure cultures of pathogenic bacteria. 

With the bounteous harvest of original and impor- 
tant suggestions that was rea|)ed from Koch's classical 
scries of investigations bacteriology reached an epoch 
in its development, and at this jx»riod modem bacteri- 
ology may justly be said to have had its birth. 

Note. — I have presented only the most prominent 
investigations that will serve to indicate the lines along 
which the subject has develo|)e<l. For a more detailed 
account of the historical develoj)ment of the work the 
reader is referred to Ix)effler's Vorlesungen iiber die 
geschichiliche Entwickclung der Lehre von den Bacteiien, 
u{)on which I have drawn largely in preparing the 
foregoing sketch. 



CIIAPTEll I. 

Definition of bacteria— Tbdr place in nature— Difference between iMtrasites 
and saprophytes— Nutrition of bacteria— Products of bacteria— Their relation 
to oxygen—Influence of temperature upon their growth. 

By the term bacteria is understood that large group 
of minute vegetable organisms which multiply by a 
process of transverse division. They are spherical, 
oval, rod-like, and spiral in shajw, and arc commonly 
devoid of chlorophyll.^ Owing to the absence of 
chlorophyll from their (»omjx)sition the bacteria are 
forced to obtain their nutritive materials from orgjinic 
matters as such, and lead, therefore, either a sapn)- 
phytic* or parasitic^ form of existence. 

Their life processes are so rapid and energetic that 
they result in the most profound alterations in the 
structure and composition of the materials in and upon 
which they are developing. 

Decomposition, putrefaction, and fermentation result 
from the activities of the saprophytic bacteria, wliile 
the changes brought alK)ut in the tissues of their host 

1 Chlorophyll is the green coloring matter possessed by the higher plants 
by means of which they are enabled in the presence of sunlight to decom- 
pose carbonic add (COj) and ammonia (NUs) Into their elementary constitu- 
ents. 

* A saprophyte is an organism that obtains its nutrition from dead organic 
matter. 

' A parasite lives always at the expense of some other living, organic crea- 
ture, known as its host, and in the strictest sense of the word cannot develop 
upon dead matter. There is, however, a group of so-called "fiEicultative" 
saprophytes and parasites which po»!ess the power of accommodating them- 
selves to existing surroundings— at one time leading a parasitic, at another 
time a saprophytic form of existence. 



28 BACTERJOLOQV. 

by the pure parasitic forms, find expression in disease 
pro(iesses and not infrequently complete death. 

The role played in nature by the saprophytic bacteria 
is a very important one. Through their presence the 
highly complicated tissues of dead animals and vegeta- 
bles are resolved into the simpler compounds, carbonic 
acid, water, and ammonia, in which form they may be 
taken up and appropriated as nutrition by the more 
highly organized members of the vegetiible kingdom. 
It is through this ultimate production of carbonic acid, 
ammonia, and water by the bacteria, as end-products in 
the proce&ses of decomposition and fermentation of the 
dead animal and vegetable tissues, that the demands 
of growing vegetation for these compounds are sup- 
pi itnl. 

The chloroj)hyll plants do not j)Ossess the j)ower of 
obtaining their carbon and nitrogen from such highly 
organized and complicated substances as serve for the 
nutrition of bacteria, and as the proiluction of these 
simpler compounds (CO^, NIT3, HjO) by the animal 
world is not sufficient to meet the demands of the chlo- 
rophyll plants, the importance of the part played by 
bacteria in making up this deficit cannot be overesti- 
mated. Were it not for the activity of these micro- 
8<?opic living particles, all life upon the surface? of the 
earth would undoubtedly cease. I)cj)rive higher vegeta- 
tion of the carbon and nitrogen suppliKl to it as a result 
of bacterial activity, and its <level(»pment comes rapidly 
to an cud ; rob the animal kingdom of the food-stuffs 
supplied to it by the vegetable world, and life is no 
longer possii)le. 

ft is plain, therefore, that the siiprophytes, which 
represent the large majority of all bacteria, must be 
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looked upon by us in the light of benefactors, without 
which existence would be impossible. 

With the parasites, on the other hand, the conditions 
are far from analogous. Through their ac^tivities there 
is constantly a loss, rather than a gain, to both the 
animal and vegetable kingdoms. Their host must 
always be a living l)ody in which exist conditions favor- 
able to their development and from which they appro- 
priate substances nec^^ssary to the health and life of the 
organism to which they may have found acci^ss ; at the 
same time they eliminate substances as products of their 
nutrition that are directly poisonous to the tissues in 
which they are gmwing. 

In their relations to humanity the positions oct'upied 
by the two biologically different groups, the saprophytes 
on the one hand and the parasites on the other, are 
diametrically opposite ; the saprophytic forms standing 
in the relation of benefactors, in resolving dead animal 
and vegetable bodies into their com|)onent j)arts, which 
serve for food for living vegetation, and, at the same 
time, removing from the surface of the earth the re- 
mains of all dead organic substances; while the parasitic 
group exists only at the expense of the more highly 
organized memliers of both kingdoms. It is to the 
imrasi tic group that the pathogenic* organisms belong. 

In addition to the saprophytes that are concerneil 
in the changes to which allusion has just l)een made, 
there exist other saprophytic forms whose life processt»s 
result in s|Kx;ific changes of most int(»resting and im- 
portant natures. Some of these an* characterized by 
their projx^rty of producing pigmenti^ of different color; 

1 Pathogenic organisms are those which possess the proi>erty of producing 
disease. 
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these are known as the chromogenic^ forms. Just what 
their exact role in Nature is, it is difficult to say ; but it 
is prolmhle that in addition to their most conspicuous 
function of (X)lor production, they are also in some 
way cH)nciTned in the gn^at pnx'css of disintegration 
which is (constantly going on in all dead organic sub- 
stantvs. 

Others, the so-called photogenic^ or phosphorescent 
Ixicteria, jmssess tlie proj)erty of pnxiucing light or of 
illuminating the meiiium on which they grow by a 
jHvuliar phosphorescence. These are found in sea- water 
and in dei*om posing phosphorescent fish and meat. 

Still others, the so-«illed zymogenic bacteria, are con- 
(vrned in the various fermentations, while the putrefac- 
tive or saprogenic liacteria are those that produce the 
jvirticular fermentjition that we know as putrefaction. 
Another very imi>ortant saprophytic group comprises 
the SivejilliHl nitrifying and denitrifying l>acteria, whose 
activities result in s[HX*ific forms of fermentation — the 
former oxidizing ammonia to nitn>us and nitric acid, 
the latter nxlucing nitric acid to uitn>us acid and am- 
monia. The so-itilliHl thiogenic Ixicteria ix>nvert sul- 
phuretteil hydnigtMi into higher sulphur eomjK^unds. 

We have said that thn>ugh the jun^ncy of chlorophyll, 
in the presence of sunlight, the gnvn plants an* enableii to 
obtain the amount of nitn>ij:ini and nirU^n which is necx»s- 
sary to their gnnvth tVtun such simple Ixxlies as i^arlxHi 
dit^xide and amnitmia, which they diwni[H>st^ into their 
elementarv constituents. The Uioteria, im the other 
hand, owing to the alv^^mv of chlon>phyll fn>m their 
tissues, do not jhvss^'ss this [H»wer. They must, there- 
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fore, have their carbon and nitrogen presented as such, 
in the form of decomi)osable organic substances. 

In general, the bacteria obtain their nitrogen most 
readily from soluble albumins, and, to a certain degree, 
but bv no means so easilv, from salts of ammonia. In 
some of Niigeli's experiments it aj)j>eared j)robable that 
they could obtain the newssary amount of nitn)gen 
fn)m salts of nitric acid. At all events, he was able 
in certain cases to demonstrate a reduction of nitric to 
nitrous acid, and ultimately to ammonia. Xevertheless, 
in all of these ex[)eriments cinumistances point to the 
probability that the nitrogen obtained by the bacteria 
for building up their tissues in the course of their 
development, was deriveii from some source other than 
that of the nitric acid or the nitrates, and that the 
reduction of this acid was most probably a secondary 
phenomenon. 

For the supply of carlx>n, many of the carlnm com- 
pounds serve as souri'c^s ujK)n which the bacteria can 
draw. The carbon deficit, for example, «in Ik» obtained 
from sugar and IkhHcs of like compositi(m ; from glyc<^- 
rine and manv of the fattv acids ; and from the alkaline 
salts of tartaric, citric, malic, lactic, and acetic acids. 
In some instances carlx)n comjM)unds, whi<'h when pres- 
ent in concentrat^Hl form inhibit the growth of bac- 
teria, may, when highly diluted, serve as nutrition for 
them. Salicvlic acid and ethvl alcohol come unch'r this 
head. 

In addition to carbon and nitrogen, water is ess(»ntial 
to the life and development of bacteria. Without it 
no development occurs, and in many cases drying the 
organisms results in their death. Certain forms, on the 
contrary', though incapable of multij)lying when in the 



PRODUCTS OF BACTERIA, gg 

best in media of a neutral or very slightly alkaline 
reaction, any excessive production of alkalinity or 
acidity, as a product of growth, arrests development, 
and no evidence of life or further multiplication can be 
detected until this deviation from the neutral reaction 
has been corrected. 

Most favorable for the development of bacteria are 
neutral or very slightly alkaline solutions of albumin in 
one form or another. 

Of considerable importance and interest in the study 
of the nutritive changes of bacteria is the difference in 
their relation to oxygen. With certain forms oxygen 
is essential for the proper performance of their func- 
tions, while with another group no evidence of life can 
l)e detected under the access of oxygen, and in a third 
group oxygen appears to jilay but an unimjwrtant part, 
for development occurs as well with as without it. It 
was Pasteur who first demonstrated the existencHi of 
species in the bacteria family which not only grow and 
multiply and perform definite physiological functions 
without the aid of oxygen, but to the existence of 
which oxygen is |X)sitively harmful. To these he gave 
the name anaerobic bacteria, in contradistinction to 
another group for the proper j)erformance of whose 
functions oxygen is esst'utial ; these he calleil aerobic 
\yacieria. In addition to these, there is a third group 
for the maintenance of whose existence the absence or 
presence of oxygen is apparently of nr) moment — their 
development progressi»s as well with as without it ; these 
represent the class known as facultative in their re- 
lation to this gas. It is in this third grouj), the faculta- 
tive, thafthe majority of bacteria In'long. Though the 
multiplication of the facultative varieties is not inter- 
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fered with by either the presence or absence of oxygen, 
yet experiments demonstrate that the products of their 
growth are different under the varying (K>ndition8 of 
absence or presence of this gas. 

For example : in the case of certain of the chromo- 
genic forms the presence or absence of oxygen has a 
very decided effect upon the production of the pigments 
l)v which they are characterizeil. 

Note. — Observe the difference between the intensity 
of color produ(!ed upon the surface of the medium and 
that along the track of the needle in stal)-culture8 of 
the baeilhis prodi/jiosiut and of the spirillum rubi'um. 
With the former the red color is apparently a product 
dej>endent upon the presence of oxygen, while in the 
latter the greatest intensity of color oanirs at the point 
farthest removed from the action of oxygen. 

Another element whi(»h j)lavs a most important part 
in the biological fun(!tions of these organisms is the 
temperature under which they exist. The extremes of 
temperature under which most bacteria are known to 
grow nmge from 5.5° C^. to 48° C. At the former 
temj)erature development is hanlly appreciable ; it be- 
comes more and more active until 38° C is reached, 
when it is at its oj)timum, and, as a rule, ceases with 
43° C. ; though it is said that species exist that w-ill 
multiply at as high a temperature as 60° C. and others 
as low as 0° (\ The most favorable tem|)erature for 
the develoi>nient of pathogenic bacteria is that of the 
human body, viz., 37.5° C There are a number of 
bacteria commonly present in water, the so-called 
n<)rmar water bacteria, that grow best at about 20*^ C. 
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In general then, from what has been learned, it may 
be said that for the growth and development of bacteria 
organic matter of a neutral or slightly alkaline reac- 
tion, in the presence of moisture and at a suitable tem- 
perature, is necessary. From this can Ix? formed some 
idea of the omnipresence in Nature of these minute 
vegetable forms. Everywhere that these conditions 
obtain bacteria can be found. 



CHAPTER II. 

Morpholog>-< of bacteri*— Groaping— Mod« of maltipUcAdoo— Spore-forma- 

lion— Motility. 

In stnu'tiire the bacteria are uuu^llulary and are seen 
to cxi<t as spherii-al, rkI- or spiral-shaped bodies. 
Thov always develop from pre-existing cells of the same 
character and never appear spontaneously. 

The classifiuitious of the older authors and of the 
lH»tanists an* usually ujH»n purely morphologic^ peeu- 
liaritii^. aud iu «.\>usei|ueuce are more or less eonipli- 
i-iitt^l. The prcstuit tendency is to simplity this mor- 
plioKHj:ic:il dassitictitiou. ami lo briuir the liacteria into 
iln\v irivat srrvHijxs. with their suKli visions :. each group 
\>nuprisinir tlh*s<* memU^rs wliose individual outline is 
iluu cither of a >phcrt\ a rv»tK or a spinil. 

To tlusi^ ihnv iTHiud divisions are gi\"en the names 
v>H>'i or niicrvH>H\i. Uiiilli. and spirilla. 

In the crvHip *itVv-\<vi Uhniir all spherical tbrms, 
f. »,» all ihoM' fonu< rhc i>«^latf\l individual members of 
\\ Inrh ;uv of i\^ual vliauu'tcr in all dirwtions. ^^See Fig. 
K o .'^ V* vf,^ 

I he ,\fvH71V vNuupri>v^ all oval or r>xl-tonnt\l Ixaeteria. 
vSv Ki^>t. :J,^ 

l\v the <s|^W/<\; UloUi: all .»rpini>ius that a rv curved 

y^iH'li j^vu IU siiort s^xtucuts. or ulicn in loUi^^r thr^>ads 

^r»^ twishxl {u t^u^ t^rm of a ivrks<r\w S^^ Fig, :!,» 

IV uuoiNHXKvi .^r\ siiUiivivloi aK\>^rvliiig to their 

IS^i^i^v H^ s^vu iu >:rvn%ini: vuUurv>. iut.> .^oJ^yu^wm 
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a. Stapbylooocci. b. Streptococci, c. Diplococd. d. Tetrads, e. Sarcinse. 
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a. Bacilli in pairs, b. SinRle bacilli, c and d. Bacilli In threads. «and/. 

Badlli of variable morphology. 
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a and d. Spirilla in short segments and longer threads— the so-called 
comma forms and spirals, h. The forms known as spirochsete. c. The thick 
spirals sometimes known as Tibrios. 

— those growing in masses like clusters of gra |>es (stv 

Fig. 1, a); streptococci — those growing in chains eon- 
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sjgring of a number of individoal cells strung together 
like Yjeods or pcarb apon a string isee Fig. 1. 6); 
dipfo^^cTfi — th*>se gT*>wing in pair^ *Fig. 1, c)i ietrads 
— thos^ developing as f<Hl^^ t Fig. 1 • <f ) : and «arrtiMF — 
ihrtse dixnding into fours, eights, etc.. as cubes — that is, 
in <:r>Dtra-distinction to all other formsw the segmenta- 
tion. whi«.-h is rarely complete, takes place in three 
direi-tions of space, so that when gn>wing the bundle of 
segmenting cells presents somewhat the appearance of 
a bole of oonon (Fig. 1, e\ 

To the bacilli belong all rod-shaped organi sm s, L e,, 
ih*jse in which one diameter is always greater than the 
other. 
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a. BAciUus rabcilis with spores, h. B*cilliis anthncis vith spom. e. Ck»- 
tndioxD fcffm with spores, d, BaciUos of tetanus vith end sporat. 

In this group are found those organisms the life cycle 
of many of which present deviations from the simple 
T*f(\ shape. Many of them in the cviirsi* of development 
incr«i??e in length into long threads, along the course of 
which traces of segmentation may usually be found — 
the anthrax l>aciUus and Ixicilhis subtilis are c^onspicuous 
examples of this. Again, under certain ix>nditions, 
many of them poss<*ss the proj»erty of forming within 
the U^ly of the ro<ls oval, glistening sjK»res (see Fig. 4), 
and if the conditions arc uot altered the rods mav 
entirely disapi>ear, sf» that nothing may be left in the 
<-ulture but these oval forms. In some of them this 
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phenomenon of spore-formation is accompanied by an 
enlargement or swelling of the bacillus at the point at 
which the spore is located (see Fig. 4, c and d). Again, 
many of them, from unfavorable conditions of nutrition, 
aeration, or temperature undergo pathological changes 
— that is, the individuals themselves experience altera- 
tions in their protoplasm which result in distortion of 
their outline, and the appearance of the so-called " in- 
volution forms." (See Fig. 5, a and b.) In all of 
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a. SpiriUam of Asiatic cholera (comma bacilloa). b. Involutloii formi of 

this oiKanlsm as seen in old cultures. 

these conditions, .however, so long as death has not 
actually occurred, it is possible under favorable condi- 
tions to cause these forms to revert to the rod-shaped 
ones from which they originated. 

It must be borne in mind, though, that it is never 
possible by any means to bring about changes in these 
organisms that will result in the permanent conversion 
of the morphology of the members of one group into 
that of another — that is, one can never produce bacilli 
from micrococci or vice versa, and anv evidence whicli 
may be presented to the contrary is bastnl upon untrust- 
worthy methods of observation. 

Not infrequently bacteria may be observed irregu- 
larly massed together as a pellicle. ^\^len in this 
condition they are held together by a gelatinous 
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material, and are known as zcK^loea of bacteria. (See 
Fig. 6.) 

Very short oval bacilli may sometimes !« mistaken 
for micrococci, and at times micrococci iu the stage of 
segmentation into diplo<rocoi may be mistaken for short 
bacilli ; but by airefnl inspection it will always bo 
possible to detect a continuous outline along the sides of 
the former and a slight transverse indentation or par- 
tition-formation between the segments of the latter. 
The high index of refraction of spores, the property 
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wliicli gives to them their glistening apijearance, will 
always ser^■c to distinguish thcni from microe^H-ci. This 
diffcn'nce in refraction will Im csi>c<nally noti(«d if the 
illumiuiition from the reflwtor of the niicrosooiHS with 
wliich tiicv are to l)c examined is nxlnced to the smallest 
IK>ssible bundle of light-rayrf. The s]K)n'j*, moreover, 
tiikc np the staining reagent:* much lc«s readily tlian 
do the micnuwei. The most reliable differential j>oint, 
however, is the projiertv, possessed by the sjwres, of 
doveliipiug into biurilli ; and of the S]»hori(iiI lu^mism 
witli wliii'h it lias Vi-n conlbundcd, of ])n>ducing other 
luiiTrHNM-i-i of tlic siuiu' round form. 

Kiir iHUivcniciK-c, ;i cdiunum class I fit -at ion of tlic 
bmilli is ttiiit Imsed ti]M)U ciuistant ihar.u-UTistici; which 
anr seen tii apitear in the course of their development 
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under special oonditions — certain of them possessing the 
power of forming spores, while from others this pecu- 
liarity is absent. 

As vet but little is known of the life history of the 
spiral forms. Efforts toward their cultivation under 
artificial conditions have thus far been successful in 
only a few cases. Morphologically, they are thread- 
or rod-like bodies which are twisted into the form of 
spirals. In some of them the turns of the spiral are 
long, in others quite short. They are motile, and 
multiply apparently by the simple j)rocess of fission.^ 

The micrococci develop by simple fission. When 
development is in progress a single cell will be seen to 
elongate slightly in one of its diameters. Over the 
centre of the long axis thus formed will apj)ear a slight 
indentation in the outer envelope of the cell ; this 
indentation will increase in extent until there exist 
eventually two individuals which are distinctly spheri- 
cal, as was the parent from which they sprang, or they 
will remain together for a time as diplococci. The sur- 
faces now in juxtaposition are flattened against one 
another, and not infrequently a fine, pale dividing line 
may be seen between the two cells. (See Fig. 1 , c and 
rf.) A similar division in the other direction will 
now result in the formation of a group of forms as 
tetrads. 

In the formation of staphylococci such division occurs 
irregularly in all dinn^tions, resulting in the produc- 
tion of the clusters in which these oi^ns arc cf)m- 
monly seen. (See Fig. 1, a). With the strej)t(K'()(vi, 
however, the tendency is for the segmentation to c»on- 
tiniie in one direction only, resulting in the production 

1 DlTiding into two transyenely. 
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of long chains of 4, 8, and 12 individuals. (See Fig. 

i,b). 

The .sarcinie divide more or* less regularly in three 
direi*tions of space, but instead of becoming separated 
the one from the other as single cells, the tendency is 
for the segmentation to be inc^omplete ; the cells remain- 
ing together in masses. The indentations upon these 
masses or eul)es which indicate the point of incomplete 
fission give to these bundles of cells the appearance 
coinraonlv iiscrilKxl to them — that of a bale of cotton 

« 

or a pju'ket of rags (See Fig. 1, e.) 

The multiplication of bacilli is in the main similar 
to that given for the micrococri. A dividing cell will 
clongiite slightly in the direction of its long axis ; an 
indentation will appear al)out midway l)etween its poles, 
and will iH'crome deeper and d(M?j)er until eventually two 
daughter cells will be formed. This process may occur 
in such a way that the two young bacilli will adhere 
together by their adjacent ends in much the same way 
that sausages are seen to be held together in strings 
(Fig. 2,/), or the s<*gnientati<>u may take place more at 
riglit angl(»s to the long axis, so that Xhi^^ proximal ends 
of the vouujj: cells are flatteneil while the distal extremi- 
ties may l)e rounded or sliglitly jiointed (Fig. 2, c). 
The segmentation of the anthrax bacillus, with which 
we are subse(|uently to become ac(]uainted, results, when 
completHl, in an indentation of the adjacent extrem- 
ities of the vounir seirments, so that bv the aid of 
liigh luaguifving powers these surfaces are s(»en to 1h* 
a<*tually <*oncav(». (See Fig. 7G.) Bacilli never divide 
longitudinally. 

With the sp< ►re-form iug bacilli, under favorable con- 
ditions of nutrition and tem|)erature, the Siime is seen 
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to occur during vegetation, but as soon as these condi- 
tions become altered, either by the exhaustion of nutri- 
tion, the presence of detrimental substances, unfavorable 
temperatures, etc., there appears the stage in their life 
cycle to which we have referred as " spore-formation/' 
This is the process by which the organisms are enabled 
to enter a stage in which they resist deleterious influences 
to a much higher degree than is possible for them when 
in the growing or vegetative condition. 

In the spore, resting, or permanent stage, as it is 
called, no evidence of life whatever is given by the 
spores, though as soon as the conditions which favor 
their germination have been renewed, these spores de- 
velop again into the same kind of cells as those from 
which they originated, and the appearances observed in 
the vegetative or growing stage of their history are 
repeated. 

Multiplication of spores, as such, does not occur ; 
they possess the power of developing into individual 
rods of the same nature as those from which they were 
formed, but not of giving rise to a direct reproduction of 
spores. 

When the conditions which favor spore-formation 
present, the protoplasm of the vegetative cells is seen 
to undergo a change. It loses its normal homogeneous 
appearance and bew)mes marked by granular, refrac- 
tive points of irregular shape and size. These eventu- 
ally coalesce, leaving the remainder of the cell clear 
and transparent. When this coalescence of highly 
refractive particles is complete the spore is perfected. 
In appearance, the spore is oval or round, very highly 
refractive, and of a glistening appearance. It is easily 
diflTerentiated from the remainder of the cell, which now 
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consists onlv of a cell-membrane and a transparent, 
clear fluid which surrounds the si)ore. Eventually 
lx>th the c(41-membrane and its fluid (contents disappear, 
leaving the oval s|>ore free. 

The s|Kjrc, when jwrfectly developed, is highly glis- 
tening, oval in contour, and has the appearance of being 
surrounded by a dark, sharply defined border. It pos- 
sesses no motion other than the mechanical tremor com- 
mon to all insoluble microscopic particles suspended in 
fluids, and it remains quiescent until tjiere appear con- 
ditions favorable to its subsequent development into the 
vegetative form from which it originated. Occasionally 
the membrane of the vegetative cell in which the spore 
is formed does not disjippear from around it, and the 
spore may then he seen lying in a very delicate tubular 
envelope. Now and then remnants of the envelope may 
1h» noticed adhering to the six)re which has not yet be- 
come completely free. 

When stained, the sporeH'ontainiug cells do not take 
up the dyes in a homogeneous way. By the ordinary 
methods the spores do not stain, so that they appear in 
the stained cells as pale, transparent, oval bodies, sur- 
roundi^l bv the remainder of the cell, which has taken 
uj) the staining. 

A single (m»11 produces but one sj)ore. Thfs may be 
locatcnl cither at an extremity or in the centre of the 
cell. (Fig. 4.) 

Occiisionally spore-formation is accompained by an 
cnlargcMucnt of tlie cell at the point at wliich the process 
is in progress. As a result, the outline of the cell loses 
its regular rod sliape aud becomes that of a club, a 
drum-stick, or a lozenge, depending upon whether the 
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location of the spore is to be at the pole or in the centre 
of the cell. (See Fig. 4, e and rf.) 

In addition to the property of spore-formation there is 
another striking diflferenee between the members of the 
rod-shaped organisms, namely, the property of motility 
which many of them are seen to possess. This power 
of motion is due to the possession by the motile bacilli 
of very delicate, hair-like apj)endages or flagella, by the 
lashing motions of which the rods possessing them are 
propelled through the fluid. In some cases the flagella 



fi^ 



Fig. 7. 





a 



a, spiral fonns with a flagellum at only one end ; h, bacillus of typhoid 
fever with flagella §^?en off from all sides; c, large spirals from stagnant 
water with wispe of flagella at their ends {spirillum undula). 



are located at but one end of a bacillus, cither singly or 
in a bunch ; again, they may be seen at both poles, and 
in some cases, esj)ecially with the bacillus of typhoid 
fever, they are given off from the whole surface of the 
rod. (See Fig. 7.) 

For a long time the motility of bacteria was only 
supposed to be due to the possession of some such form 
of locomotive apparatus be<*ause similar apiK'udages 
had l)een seen in ccrtaiu of the large, motile spirilla 
found in stagnant water, and it was not until very 
recently that the accuPtU^y of this suspicion was actually 

3* 
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demonstrated. By a special method of staining, Loffler 
has l)cen able, in a number of cases, to render visible 
these hair-like ap])endages. His method consists in the 
employment of a mordant, by the aid of which tlie 
flagelhi are cjuistHi to retain the staining, and thus be- 
conu^ visible. Loffler's method of staining will be found 
in t\w chapter devoted to tliis j)art of the tetJinique. 



CHAPTER III. 



Principles of sterilization by heat— Methods employed— Discontinued 
sterllization--Sterilization under pressure— Apparatus employed— Chemical 
disinfection and sterilization. 



In the laboratorj^ it is often common to employ the 
term sterilization for the destruction of bacteria by 
heat and the term disinfection for the accomplishment 
of the same end through the use of chemical agents. 
This distinction in the use of the terms is not strictly 
correct, as we shall endeavor to explain. 

The laboratory application of the word sterilization for 
the destruction of bacteria by high temj)eratures proba- 
bly arose from the circumstance that culture media and 
certf^in other articles that it is desirable to render abso- 
lutely free from bacterial life arc not treated by chemical 

ml »' 

agents for this purj)ose, but are exposed to the influ- 
ence of heat in various forms of apparatus known as 
sterilizers ; and the process is, therefore, known as 
sterilization. On the other hand, cultures no longer 
useful, bits of infected tissue, and apparatus generally 
that it is desirable to render free from danger are 
commonly subjected for a time to the action of com- 
pounds possessing germicidal proj)erties, i. f., to the 
action of disinfectants ; and the process is, therefore, 
known as disinfection, though the same end can l)e 
reached by the application of heat to these articles also. 
Strictly speaking, sterilization implies the complete 
destruction of the vitality of all micro-organisms 
that may be present in or upon the substance to be 
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sterilized, and can be aocomplished by the proper appli- 
cation of both thermal and chemical agents; while 
disinfection, though it may, need not, of necessity, 
insure the destruction of all living forms that are pres- 
ent, but only those possessing the power of infecting ; 
it may or may not, therefore, be incomplete in the sense 
of sterilization. From this we see it is possible to 
accomplish both sterilization and disinfection as well 
by chemical as by thermal means. 

In practice the employment of these means is gov- 
erned by circumstances. In the laboratory it is essen- 
tial that all culture media with which the work is 
to be conducted are free from all living bacteria or 
their spores — they must be sterile — and it is equally 
important that their original chemical composition 
should remain unchanged. It is evident, therefore, 
that sterilization of tliese substances bv means of 
chemicals is out of the question, for, while the media 
could l)e thus sterilized, it would be necessary, in order 
to accomplisli this, to add to them substances capable 
not only of destroying all micro-organisms present, 
but the pr(\sence of such substances would prevent the 
growth of bacteria that are to be subsequently culti- 
vated in these media — that is to say, after jierforming 
their sterilizing or germicidal function, they would, if 
present, exhibit their antiseptic proi>erties. The cir- 
cunistauces under which chemical sterilization or disin- 
fection is pnictis(»d in the laboratory are onlinarily either 
those in which it is desirable to render materials free 
from danger tliat are not aflFected by tlie ch(»niical action 
of the agents used, sueli as glass apparatus, etc., or where 
destructive changes in the composition of the substances 
to he treated, as in the (^ases of old cultur(»s, infected 
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tissues, etc., are a matter of no consequence. On the 
other hand, for the sterilization of all materials to be 
used as culture media heat only is employed. 

The two processes will be explained in this chapter, 
banning with 

STERILIZATION BY HEAT. 

Sterilization by means of high temperature is accom- 
plished in several ways, viz., by subjecting the sub- 
stances to be treated to a high temperature in a properly 
constructed oven, this is known as dry sterilization ; by 
subjecting them to the action of streaming or live steam 
at the temperature of 100° C. ; and by subjecting them 
to the action of steam under pressure, under w^hich 
circumstances the temperature to which they are ex- 
posed becomes more and more elevated as the pressure 
increases. 

Experiments have taught us that the process of steril- 
ization by dry heat has a relatively limited application 
because of its many disadvantages. For succc^ssful 
sterilization by the method of dry heat, not only is a 
relatively high temj)erature essential, but the substances 
under treatment must be exposed to this temperature 
for a comparatively long time. Its penetration into 
the substances which are to be sterilized is, more- 
over, much less energetic than that of steam. Many 
substances of vegetable and animal origin are rendennl 
useless by subjection to the dry method of sterilization. 
For these reasons there are comparatively few materials 
that can be sterilized in this way without seriously 
impairing their further usefulness. 

Successful sterilization by dry heat cannot usually l>e 
accomplished at a temj>erature lower than 1 50° C, and 
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to this degree of heat the objects should be subjected for 
not less than one hour. For the sterilization, therefore, 
of the organic materials of which the media employed 
in bacteriological work are composed, and of domestic 
articles, such as cotton, woollen, wooden, and leather 
articles, this method is entirely unsuitable. In bac- 
teriological work its application is limited to the ster- 
ilization of glassware principally — such, for example, 
as flasks, plates, small dishes, test-tubes, pipettes — and 
such metal instruments as are not seriously injured by 
the high temperature. 

Sterilization bv moist heat — steam — offers conditions 
much more favorable. The penetrating action of the 
steam is not only more energetic, but the temperature 
at which sterilization is ordinarily accomplished is, as a 
rule, not destructive to the objects under treatment. This 
is conspicuously seen in the work of the laboratory ; the 
culture media, composed in the main of decomposable or- 
ganic materials that would be rendered entirely worthless 
if exposed to the dry method of sterilization, sustain 
no injury whatever wheu intelligently subjected to an 
equally effective sterilization with steam. The same 
may he said of cotton and woollen fabrics, bedding, 
clothing, etc. 

Aside from the relations of the two methods to the 
materials to be sterilizal, their action toward the organ- 
isms to l)(* destroyed is (juite different. The penetrating 
action of the steam renders it bv far the more efficient 
agent ol' tlie two. The spores of several organisms 
which are killed by an exposnre of hut a few moments 
to the action of steam resist the destructive action of 
dry heat at a higher teni|>eniture for a nineh greater 
length of time. 
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These differences will be strikingly brought out in 
the experimental work on this subject. For our pur- 
poses it is necessary to remember that the two methods 
have the following applications : 

The dry method, at a temperature of 150°-180'' C, 
for one hour, is employed for the sterilization of glass- 
ware : flasks, test-tubes, culture dishes, pipettes, plates, 
etc. 

The sterilization by steam is practised with all cul- 
ture media, whether fluid or solid. Bouillon, milk, 
gelatin, agar-agar, potato, etc., are under no circum- 
stances to be subjected to dry heat. 

The way in which heat is employed in processes 
of sterilization varies with circumstances. In its em- 
ployment as dry heat its application is always contin- 
uous — f. e.y the objects to be sterilized are simply exposed 
to the proper temi>erature for the length of time neces- 
sary to destroy all living organisms which may be upon 
them. With the use of steam, on the other hand, the 
objects to be sterilized are frequently of such a nature that 
a prolonged application of the heat would materially 
injure them. For this and other reasons steam is usually 
applied intermittently and for short periods of time. 
The principles involved in this method of sterilization 
depend upon differences of resistance toward heat which 
the organisms to be destroyed are seen to possess at 
different stages of their development. During the life 
history of many of the bacilli there is a time in which 
the resistance of the organism toward the ac^tion of both 
chemical and thermal agents is much higher than at 
other stages of its development. This increased power 
of resistance is seen to exist when these organisms are 
in the spore or resting stage, to which reference has 
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tain spores that might have been present resist this 
treatment, providing the sterilization has not been con- 
tinued for too long a time. If now the sterilization is 
discontinued, and the material which presents conditions 
favorable to the germination of the spores is allowed to 
• stand for a time, usuallv for about twentv-four hours, 
at a temperature of from 30°-35° C, those spores which 
resisted the action of the steam will in the course of this 
interval germinate into the less resistant vegetative cells. 
A second short exposure to the steam kills these forms 
in turn, and by a repetition of this process all organisms 
which were present may be destroyed without the appli- 
cation of the steam having been of long duration at 
any time. In this process the usual plan is to subject 
the materials to be sterilized to the action of steam, 
under the normal conditions of tempeniture and pres- 
sure, for fifteen minutes on each of three successive 
days, and during the intervals to retain them at a 
temperature of about 25^-30^ C. At the cud of this 
time all living organisms which were present will 
have been destroyed, and unless opportunity is given 
for the access of new organisms from without, the 
substances thus treated remain sterile. 

It must be borne in mind that this method of sterili- 
zation is only applicable in those cases whi(^h present 
conditions favorable to the germination of the spores 
into mature vegetative cells. Dry substances or organic 
materials in which decomposition is far advanced, when^ 
the conditions of nutriticm favorable to the gcrniination 
of spores are not present, cannot be successfully sterilized 
by the intermittent method. 

The process of fractional sterilization at low tomperd- 
tures is based upon exactly the same principle, but dif- 
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fers, in two respects, \'iz., it requires a greater number 
of exposures for its accomplishment^ and the tempera- 
ture at which it is conducted is not raised above 68°- 
70° C. It is employed for the sterilization of easily 
decomposable materials, which would be rendered use- 
less by the temperature of steam, but which remain 
intact at the temperature employed. This process 
requires that the material to be sterilized should be sub- 
jected to a temperature of 68°-70° C. for one hour on 
each of six successive days, the interval of twenty-four 
hours between the exiK)Sures admitting of the germina- 
tiou of spores into mature cells. During this interval 
the substances under treatment are kept at about 25°- 
30° C. The temperature employed in this process 
suffices to destnn- the vitality of almost all organisms in 
the vegetative stage in alx)ut one hour. Until recently 
blood-scrum was alwavs st<TiIize<l bv the intermittent 
method at low temi)crature. 

Sterilization by steam is also practised by what may 
be called the direct method. That is to say, both the 
mature organisms and the si>ores which may be present 
in the material to be sterilizeil are destroyed by a single 
exposure to the steam. In this method steam at its 
ordinary temperature and pressure — livesteamor stream- 
ing steam as it is called — is employed just as in the first 
mctliT)d described, but it is allowed to act for a much 
l()ng(»r tini(% usually not less than one hour; or, steam 
under pressure, and consequently of a higher temj)era- 
tur(», is now frequently employed. In this method a 
single exposure of fifteen minutes is sufficient for the 
destruction of all bacilli and their spores, providing the 
pressure of the st(»ani is not less than one atmosphere 
over and above that of normal — this is approximately 
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equivalent to a temperature of 122° C. to which the 
organisms are exposed. 

The objection to both of these methods of direct 
sterilization by steam is that many substances that it 
is desirable to retain in as near their normal condition 
as possible are materially altered by this energetic form 
of treatment. Gelatin is not only rendered cloudy, but 
often loses the power of gelatinizing. Many of the other 
media contain always a fine precipitate after this method ; 
in feet, for most of the media which are employed the 
discontinued method at the temperature of streaming 
steam gives the most satisfactory results. 

For sterilization by steam the apparatus commonly 
employed has, until recently, bec»n the cylindrical boiler 
recommended by Koch. (See Fig. 8.) 

Its (construction is very simple. It consists of a 
copper cylinder, the lower fourth of which is somewhat 
larger in diameter than the remaining three-fourths, and 
acts as a reservoir for the water from which the steam 
is to be generated. Covering this section of the cylinder 
IS a wire rack or grating through which tlie steam 
passes, and which serves as a bottom upon which the 
objects to be sterilized rest. Al)ovc this, comprising 
the remaining three-fourths of the cylinder, is the cham- 
ber for the reception of the materials over and through 
which the steam is to pass. The cylinder is (closed l)y 
a snugly-fitting cover through which arc usually two 
perforations into which a thermometer and a manometer 
mav be inserted. The whole of the out<T surface of 
the apparatus is enc^ised in a nou-<*ondu(.*ting mantle of 
asbestos or felt. 

The water is heattnl l)y a gas-Hame placed in an en- 
closed chamber, upon which the apparatus rests, which 
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BerveB to dioiinish tbe lues of heat and deflection of the 
flauie through the at-tion of draughts. The apparatne 
is simple ill win struct ion, and the only iH>int whieh is to 
be ol)Serve<! while nniini' it is the level of the water ill 




the reservoir. ( )n the reser\-oir is a water-gauge whieli 
indieatee at all Lime!> the amount of water in the appa- 
ratus. The amount of water should never lie too small 
to be inditatcd bv the gauge, otherwi-ie there is danger 
of the reservoir beeoiuing drv and the Ixittom of the 
apparatus being destroyed by the direct action of the 
flame. 

A sterilizer that has come into very general usi- in 
Hcteriologiral laboratories is one originally intended 

t use in the kitchen. It is the so-oalled " Arnold 
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generation of steam in a chamber from which it cannot 1 
esiape when the apparatus is closed. Upon the cover 1 
of this chamber ia a safety-valve, which can be regulated I 
so that any degree of pressure (and coincidently of tern- 1 
perature) that is desirable can be maintained within the J 




Autoe1>Ta or dlKeiter tot sterl[lzlDg 1i; iteam under prepare. 



sterilizing chamber. These sterilizers arc known \ 
" digesters " and as " autoclaves." Their eonBtructioo | 
can beet be understood by reference to Fig. 10. 



ORDWARr DRV STERILIZER- 



STERimZATION BY HOT AIll. 

The hot-air aterilizers used in laboratories are simply 
double- walled boxes of Russlao or Swetiinh iron (Fig. 
11), haviDg a doiible-walled door, wliich closes tigbtly, 
aud a heavy cop|»r bottom. They are arranged witli 
ventilating openings for the eai«|)e of the eoutuined air 
and the eotranee of the heated air. The flame, tiaually 
from a rose burner (Fig. 12), is applied directly to the 
bottom. The heat circulates from the lower Biirfa<* 
around about the apparatus thi-ough the spat* bet\ve*;n 
its walls. 

Flo. II. Fia. U. 





The couritniction of the cop|M>r bi:>ttnm of the apjMi- 
ratua upon wliich the Hamo impinges is designed to 
prevent the direct a<ition of the flame u(>oii the aheel- 
iron bottom of the chamber. It conai&tx of eeverat 



60 B^ CTERIOLOQ F. 

copper plates placed one above the other, but with a 
space of about 4 to 5 mm. between the plates. These 
copper bottoms after a time become burned out, and 
unless they are replaced the apparatus is useless. The 
older form of hot-air sterilizers are so constructed that 
their repair is a matter involving some time and expense. 
To meet this objection I have had constructed a steril- 
izer in all respecits similar to the old form ex(»ept in the 
arrangement of this copper bottom. This is so made 
that it can be easily slipped in and out, so that by 
keeping several sets of chopper plates on hand a new one 
can readily be slipped into the apparatus when the old 
one is burned out. 

In the employment of the hot-air sterilizer care should 
always be given to the condition of the copper bottom ; 
for the direct application of the heat to the sheet-iron plate 
upon which the substances to be sterilized stand results 
not only in destruction of the apparatus, but frequently 
in destruction of the substances undergoing sterilization. 

Since the temperature at which this form of steriliza- 
tion is usually accomplished is high — 150° to 180° C. 
— it is well to have the apparatus encased in asbestos 
boards, to diminish the radiation of heat from its sur- 
faces. This not only confines the heat to the apparatus, 
but guards against the destructive action of the radiated 
lieat on woodwork, furniture, etc., that may be in the 
iieighl)orhood. 

C'HKMICAL STEUILIZATIOX AND DISINFECTION. 

As has already been stated, it is possible by means 
of certain clicinical sal)stanccs to destroy all bacteria 
and their spores that may be within or upon various 
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materials and objects^ t. e., to sterilize tliem ; and it is 
also possible by the same means to rob infe<»ted objects 
of their dangerous infective proj)ertics without at the 
same time sterilizing them — /. e,y to disinfect them. 
This latter process depends upon the fact tliat the 
vitality of many of the less resistant pathogenic organ- 
isms is easily destroyed by an ex{>osure to particHlar 
chemical substances^ while a similar exposure may be 
without effect upon the more resistant saprophytes and 
their spores that are present. 

The use of chemicals for sterilization is not to be 
considered in connection with substances that are to be 
employed as culture media, and their employment is 
restricted in the lalx)ratorv to materials that are of no 
further value and to inf(H*t<Kl articles that arc not in- 
jured by the action of the agents usc^tl. In sliort, tliey 
are mainly of value in rendering infccttnl waste materials 
free from danger. For the succ(»ssful performance of 
this form of disinfection there is one fundamental rule 
alwavs to Ik.* borne in mind, viz., it is absolutclv cssen- 
tial to success that the disinfin'tant usihI should conic in 
direct contac't with the bacteria to be destroyed, other- 
wise there is no disinfwtion. 

For this reason, one should always remember, in 
st»lecting the disinfcH*ting agent, the nature of the 
materials containing the bacteria upoh whieh it is to 
act, for the majority of disinfectants, an<l particularly 
thosc^ of an inorganic nature, vary in tlie degree of 
their potency with the cheinieal nature of* the mass to 
which they an^appHcil. ( )ftcii the materials containing 
the bacteria Ui l)c dcstroved are of sueh a ehanietcr that 
they combine with the disinfecting agent to form insol- 
uble precipitates ; these so interlere with the j)cnctnition 

4 
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of the disinfeotant that many bacteria may escape its 
destructive action entirely and no disinfection be accom- 
plished, though an agent might have been employed 
that would, under other circumstances, have given 
entirely satisfactory results. 

In the destruction of bacteria by means of chemical sub- 
stances, there occurs, most probably, a definite chemical 
reaction ; that is to say, the characteristics of both the 
bacteria and the agent employed in their destruction are 
lost in the production of a third body, the result of their 
combination. It is impossible to say with absolute cer- 
tainty, as yet, that this is the case, but the evidence that 
is rapidly accruing from the more recent studies upon 
disinfectants and their mode of action points strongly to 
the accuracy of this belief. This reaction, in which the 
typical structures of both bodies concerned is lost, takes 
place between the agent employed for disinfection and 
the protoplasm of the bacteria. For example, in the 
reaction that i.s seen to take place between the salts 
of mercury and albuminous bodies there results a third 
compound, which has neither the characteristics of mer- 
cury nor of albumin, but partakes of the j>eculiarities 
of both ; it is a combination of albumin and mercury 
known by the indefinite term "albuminate of mercury." 
Some such reaction as this occurs when the soluble 
salts of mercury are brought in contact with Imc^teria. 
This view has recently been strengthened by the experi- 
ments of (ieppert, in which the reaction was caused to 
take* l)hice between the spores of the anthrax bacillus 
and a solution of mercuric chloride, the result being 
tlic ai)i)arent destruction of the living properties of the 
spores by the formation of this third compound. In 
tlu'se experiments it was shown that though this com- 
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bination had taken place^ still it did not of necessity 
implj the complete death of the protoplasm of the 
spores^ for if by proper means the combination of mer- 
cury with their protoplasm was broken up, many of 
the spores returned from their condition of apparent 
death to that of life, with all their previous disease- 
producing and cultural peculiarities. Geppert employed 
a solution of ammonium sulphide for the purpose of 
destroying the combination of spore-protoplasm and 
mercury ; the mercury was precipitated from the pro- 
toplasm as an insoluble sulphide, and the protoplasm 
of the spores returned to its original condition. These 
and other somewhat similar experiments have given an 
entirely new impulse to the study of disinfectants, 
and in the light shed by them many of our previ- 
ously formed ideas concerning the action of disinfecting 
agents must be modified. The process is not a cata- 
lytic one — i. c, occurring simply as a result of the 
presence of the disinfecting body which is not itself 
destroyed in its process of destruction — but is, as said, a 
definite chemical reaction which takes place within cer- 
tain more or leas fixed limits ; that is to sjiy, with a given 
amount of the disinfectant employed, just so much work, 
expressed in terms of disinfection — destruction of bac- 
teria—can be acH.»omplishe<l. 

Another point in favor of this view is the increascH.1 
energy of the reaction with elevation of temperature. 
Just as in many other cliemical phenomena, the in- 
tensity of the reaction l)ecoiues greater under tlu* 
influence of heat, so in the process of disinfi'ction the 
combination between the disinfectant and the organisms 
to bedestr^>yed is much more energetic at a temj>eniture 
of 37° to 39° 0. than it is at 12° to 15° C. 
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What lias been said refers more particularly to the 
inorganic salts which are employed for this purpose. 
It is probable that the organic bodies which possess dis- 
infectant properties owe this power to some such similar 
reaction, though, as yet, these substances have not been 
so thoroughly studied in this relation. 

The reaction between these inorganic salts and albu- 
minous bodies is not a selective action ; they combine 
in most instances with any or all protoplasmic bodies 
present. For this reason the results of the practical 
application of many of the commonly employed dis- 
infectants is a matter of grave doubt. For example, 
the disinfection of excreta, sputum, or blood containing 
l>athogcni(! organisms, by means of corrosive sublimate, 
is a procedure of very questionable sucx^ess. The amount 
of sublimate employed may be entirely used up and 
rendered inactive as a disinfectant bv the ordinarv 
protoplasmic substances present without having any 
appreciable effect upon the bacteria which maybe in tlie 
mass. 

These remarks are introduced in order to guard 
against the implicit confidence so often placed in the 
disiufccting value of corrosive sublimate. In bacterio- 
logical laboratories, where there is constantly more or 
less of infccticMis material, it is the custom, with few 
exceptions, to have vessels containing solutions of corro- 
sive sublimate at hand, by which infectious materials 
may be ren(h'red harmless. The value of this pro- 
cedure, as we have Just learncMl, is always more or less 
(juestio!ial)le, especially in those cases in which the 
substance to l)e disinfectcil is of an albuminous nature. 
With tlie introduction of such substances into the sub- 
limate solution the mercury is quickly precipitated by 
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the albumin and its disinfecting properties may be 
entirely destroyed ; we may in a very short time have 
little else than water containing a precipitate of albumin 
and mercury, in so far as its value as a disinfectant is 
concerned. 

Though the other inorganic salts have not been so 
thoroughly studied in this connection, it is nevertheless 
probable that the same preciiutions should be taken in 
their employment as we now know to be necessary in 
the use of the salts of mennirv. 

ft' 

Where it is desirable to use chemical disinfectants in 
the laboratory, much more satisfactory results can 
usually be obtained through the employment of carbolic; 
acid in solution. A 3 or 4 per cent, solution of com- 
mercial carbolic acid in water requires a somewhat longer 
time for disinfection of such resistant objects as the sjwres 
of the bacillus anthracis, but it is at the same time open 
to fewer objections than are solutions of the inorganic 
salts. For leas resisbmt organisms its action is usually 
complete in from twenty minutes to one-half hour. 

In the laborat^)ry heat is the surest agent to emi>loy. 
All tissues containing infectious organisms should be 
burned, and all cloths, test-tubes, Husks, and dishes 
should be boiled in 2 per cent, soda solution for fifteen 
to twenty minutes, or placed in the steam sterilizer for 
half an hour. 

Intestinal evacuations mav best be disinfected with 
mitk of lime, a mixture composed of lime in solution and 
in suspension, onlinarv finid ** white-wash." This 
should be thoroughly mixed with the evacuations until 
the mass reacts distinctly alkaline, and should remain 
in contact with the infective substance for one or two 
hours. 
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Sputum in which tubercle bacilli are present, as well 
as the vessel containing it, must be boiled in soda solu- 
tion for fifteen minutes or steamed in the sterilizer for 
at least half an hour. 

On the whole, in the laboratory we should as yet 
rely more upon the destructive properties of heat than 
upon tliat of chemical agents. 

From what has been said, the absurdity of sprinkling 
about, here and there, a little carbolic acid or in placing 
about apartments in which infectious diseases are in 
progress little vessels of carbolic acid, must be plain. 
The disinfection of water-closets and cesspools by allow- 
ing now and then a few cubic centimetres of some so- 
called disinfectant to trickle through the pipes is absurd. 
A disinfectant must be applied to the bdcteriay and must 
be in contact with them for a long enough time to insure 
the destruction of their life. 

In the light of the latest experiments upon disin- 
fectants, the place formerly occupied by many agents in 
the list of substances employed for the purpose will most 
likely be changed as they are studied more closely. 

The agents, then, which will prove of most value in 
the laboratory for the purjx)sc of rendering infectious 
materials harmless are : Heaty either by burning, by 
steaming for from half an hour to an hour, or by boil- 
ing in a 2 per cent, soda solution for fifteen minutes; a 
solution of chlorinated lime (*^ chloride of lime''), in 
whicli the pen'cntage of chlorine is high ; 3 to 4 per 
cent, solution of conimorcial carbolic acid ; and milk of 
luae. Th(* materials to be disinfected in either of the 
linio solutions should remain in them for about two 
hours. The solutions should be freshly prepared when 
ne(H:lcd, jis they rapidly decompose uiK)n standing. 
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Antiseptic. An antiseptic is a body which, by its 
presence, prevents the growth of bacteria without of 
necessity killing them. A body may be an antiseptic 
without possessing disinfecting properties to any very 
high degree, but a disinfectant is always an antiseptic 
as well. 



CHAPTER IV. 

Principles involved in the methods of isolation of bacteria in pure culture 
by the plate method of Koch— Materials employed. 

As was stated in tlie introcliictorv cliapter, the isola- 
tion in pure cultures of the diflTerent species of bacteria 
from mixtures of these organisms was rendered possible 
only through the methods suggested by Koch. Since 
the adoption of these methods they have undergone 
many modifications, but the principle involved has 
remained unaltered. The observation which led to 
their development was a very simple one, and one that 
is commonly before us. Koch noticed that on solid sub- 
stances, such, for example, as a slice of potato or of bread, 
which had been exposed for a time to the air and which 
affordcnl proper nourishment for the lower organisms, 
there developed after a short time small patches of 
material which proved to be colonics of bacteria. Each 
of these colonies on closer examination showed itself 
to be, as a rule, composed of but a single species. 
There was no tendency on the part of tliesc colonies to 
become confluent, and from the differences in their 
uakeil-cye appearances it was easy to see that they were 
mostly the outgrowth of different species of bacteria. 

The question that then presented itself was: If from 
a mixture of organisms floating in the air it is possible 
in this way to obtain in pure cultures th(^ individual 
organisms composing the mixture, what means can he 
em])loycd for obtaining the same results at will from 
mixtures of different organisms wlien found under other 
conditions? 
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It was plain that the organisms were to be distin- 
guished, the one from the other, only by the structure 
and general appearance of the colonies growing from 
them, for by their morphplogy alone this is im})ossible. 

What means could be devised, then, for separating the 
individual members of a mixture in such a wav that 
they would remain in a fixctl position, and be so widely 
separated, tlie one from the other, as not to inter- 
fere with the production of colonies of characteristic 
appearance, which would, under the projx^r conditions, 
develop from each individual cell? 

If one takes in the hand a mixture of l)arley, rye, 
com, oats, etc., and attempts to separate the mass into 
its constituents by picking out the different grains, much 
diflSculty is experienced ; but if the handful of grain be 
thrown upon a large flat surface, as upon a table, the 
grains become more widely separated and the task is 
considerably simplified; or, if sown upon j)ropcr soil 
the various grains will develoj) into growtlis of entirely 
different external appearance by which they can readily 
be recognize<l as unlike in nature. Similarly, if a test- 
tube of decomjwsed bouillon be })oured out upon a large 
flat surface, the individual bacteria in the mass are very 
much more widely st^jwiratcd the one from the other 
than thev were when the l)ouillon was in the tube ; but 
they are in a fluid me<lium, and there is no possibility 
of their either remaining separatinl or of their forming 
colonies under these c^mditions, so that it is impossible by 
this means to pick out the iudividnals from the mixture. 

If, however, it is ])ossil)le to find some sul)sta»e(; 
whioii possesses the proj)erty of being at ouv time fluid 
and at another time solid, which ean be adth^l to this 

bouillon without in any way interfering with the life- 

4* 
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functions of the bacteria, then^ as solidification sets in, 
the organisms will be fixed in their positions and the 
conditions will be analogous to that seen on the bit of 
potato. 

Gelatin possesses this property. At a temperature 
which does not interfere with the life of the organisms 
it is quite fluid, whereas when subjected to a lower 
temperature it solidifies. When once solid it may be 
kept at a temperature favorable to the growth of the 
bacteria and retain its solid condition. 

Gelatin was added to the fluids containing mixtures 
of bacteria, and the whole was then poured upon a large 
flat surface, allowed to solidify, and the results noted. 
It was found that the conditions seen on the slice of 
potato could be reproduced, that the individuals in the 
mixtureof bacteria grew well in the gelatin, and, as on the 
potato, grew in colonies of typical macroscopic structure, 
so that they could easily be distinguished the one from the 
other by their naked-tn e appearanc4?s. It was necessary, 
however, to use a more dilute mixture of bacrteria than 
that seen in the original decomjwsed bouillon. The 
number of individuals in the tul>e was so enormous 
that on the gelatin plate they were so closely i)acked 
together that it was not only impossible to pick them 
out because of their proximity the one to the^ other, 
bul also because this packing together materially inter- 
fered with the production of those characters by means 
of whi(^h differences can be seen with the naked eye. 
Tlic numbers of organisms were then diminished by a 
process of dilution, consisting of transferring a small 
portion of the origiual mixture into a second tul)e of 
st(Tiliz<'d bouillon to which gelatin had been added and 
li(ju(»fied ; from this a similar portion was added to a 
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third gelatin-bouillon tube, and so on. These were then 
poured upon large surfaces and allowed to solidify. 
The results were entirely satisfactory. On the gelatin 
plates from the original tube, as was expected, the 
colonies were too numen)us to be of any use; on the 
plates made from the first dilution they were much 
fewer in number, but still they were usually too numer- 
ous and too closely packed to permit of characteristic 
growth ; but on the second dilution they were, as a rule. 
fewer in number and widely separated, so that the in- 
dividuals of each species were in no way prevented by 
the proximity of its neighbors from growing in its own 
typical way. There was then no difficulty in picking 
out the colonies resulting from the growth of the differ- 
ent individual bacteria. 

Such, then, is the principle underlying Koch's method 
for the isolation of bacteria bv means of solid media. 

The fundamental part of the mi^ia employed is the 
bouillon, which contains all the elements necessary for 
the nutrition of most bacteria, the gelatin being em- 
ployed simply for the purjiosii of render iug the bouillon 
solid. The medium on which the organisms are growing 
is, therefore, simply solidified bouillon, or beef tea. 

In practice, two forms of gelatin are employe<l — the 
one an animal or bone gelatin, the ordinary table gelatin 
of good quality ; and the other a vegetable gelatin, 
known as agar-agar, or Japanese gelatin, whi<*h is 
obtained from a group of alga? growing in the sea along 
the coast of Japan, where it is employcHl as an article of 
diet by the natives. 

Aside from these differences in origin of the two forms 
of gelatin employed, th<»ir behavior toward heat and 
toward bat^teria renders them of diffenMit applic*ation 
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in bacteriological work. The animal gelatin liquefies 
at a much lower temperature, and likewise solidifies at 
a very much, lower temperature, than does the agar- 
agar. Ordinary gelatin, in the proportion commonly 
used in this work, liquefies at about 24° C, and 
becomes solid at from 8°-10° C It may be employed 
for those organisms which do not require a higher tem- 
perirture for their development than 22° C. Agar-agar, 
on the other hand, does not liquefy until the tempera- 
ture has reached about 98°-99° C. It remains fluid 
ordinarily until the temperature has fallen to 38°-39° 
C, when it rapidly solidifies. For our puriwses, only 
that form of agar-agar can be used which remains fluid 
at from 38°-40° C. Agar-agar which remains fluid 
only at a temperature above this point would be too 
hot, when in a fluid state, for use ; many of the organ- 
isms wliich would be introduced iuto it would either be 
destroyed or checked in their development by so high 
a temperature. Agar-agar, therefore, is for use in those 
(•ases in which the cultivation must be conducted at a 
temperature above that at wlvich gelatin remains solid. 

In addition to the differences toward temi)erature, 
the relations of these two gelatins to bacteria are differ- 
ent. Many bacteria bring about alterations in gelatin 
which cause it to become liquid (a process of peptoniza- 
tion), in which state it remains. There are no known 
()r«r«inisms that bring about such a change in agar-agar. 

As a rule, the colony-formations se<»n upon gelatin 
arc much more characteristic than those which develop 
on a;j:ar-agar, and for this reason gelatin is to ha pre- 
ferred when circumstances will permit. Both gelatin 
and agar-agar may be usckI in the preparation of plates 
and Esniarch tubes, subsecjucntly to Ix) descrilxKl. 
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Prepumtlon of media— Boaillon, gelatin, agar-agar, potato, blood-serum, etc. 

As has been stated, the fundamental part of our cul- 
ture media is l)eef tea, or lx)uillon. 

Bouillon. — The formula of Koch for the prepara- 
tion of this medium has undergone many modifications 
to meet special cases, but for general use his original 
formula is still retained. It is as follows : Five hundred 
grammes of finely-choppe<l \vi\n l>eef, free from fat and 
tendons, is to be soake<l in one litre of water for 
twenty-four hours. During this time it is to nmiain in 
the ice-chest or to be otherwise kept at a low temix?ra- 
ture. It is then to be strained through a coarse towel and 
pressed until a litre of fluid is obtained. To this is to l>e 
added ten grammes (1.0 j)er cent.) of dried i)eptone and 
five grammes (O.o [kt wnt.) of common sjilt (XaCl). It 
is then to be rendercnl exactly neutral or very slightly 
alkaline, with a few drops of siiturated soda solution. 
The flask containing the mixture is then to be plac^ed 
either in the steam sterilizer or in a water-bath, or over 
a free flame, and kept at the boiling-point until all the 
albumin is coagulat(»d, and the flui<l portion is of a 
clear, jwile, straw-(M»lor. It is then filtcnnl through a 
folded paj)er filter, and sterilizcil in the steam sterilizer 
bv the fractional method. Certain of the modificjitions 
of this method are of sufficient value to justifv mention. 
Most important is the neutralization. Onlinarily, this 
is accomplished with the sjiturate<l sodji solution, and 
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the reaction is determined with the ordinary red and 
blue litmus paper. 

Soda solution is not so good as a strong solution of 
caustic soda or potash, because the carbonic acid libe- 
rated from the sodium carbonate is frequently seen to 
give rise to a confusing temporary acid reaction which 
disappears on heating. To obviate this, Sc^hultz {Cen- 
traJbL /. Bald, u, Parasitenkundey Bd. x., Nos. 2 and 3, 
1891) recommends exact titration with a solution of 
caustic soda. For this purpose a 4 per cent, solution 
of caustic soda is prepared. From this a 0.4 per cent, 
solution is made, and with it the titration is practised. 
After the bouillon has been deprived of all coagulable 
albumin and blood-coloring matter by boiling and filtra- 
tion, and has cooled down to the temperature of the air, 
its whole volume is exactly measured. 

From it a sample of exactly 5 or 10 c.c. is then 
taken, and to it a few drops of one of tlie indicators com- 
monly employed in analytical work is added. Schultz 
recommends 1 drop of phenolphthaleiu solution (1 
gramme pheuolphthalein in 300 c.c. of alcohol) to 1 c.c. 
of bouillon. The lx?aker containing the sanjple is 
placed upm white paper, and the dilute caustic soda 
solution is tlien allowed to drop into it, very slowly, 
from a burette, until there appears a very delicate rose 
color, which indicates the beginning of alkaline reaction. 
A second sample of the bouillon is treated in the same 
way. If the amounts of soda solution required for 
each sample deviate but very slightly or not at all 
the one from the other, the mean of these amounts is 
taken as the amount of the soda solution neeessiiry to 
neutralize the quantity of bouillon employtKl. If 10 c.c. 
of bouillon were employed, then, for tlie whole amount 
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of 1 litre^ just 100 times as much, minus that for the 
two samples used in titration, will be needed. For 
example : To neutralize 10 c.c. of bouillon, 2 c.c. of the 
diluted (0.4 per cent.) caustic soda solution were em- 
ployed. For the remaining 980 c.c. of the litre of 
bouillon, then, 196 c.c. (200 c.c. — 4 c.c, the amount 
employed for the two samples of 10 c.c. each of bouil- 
lon) is needed of the 0.4 per cent, solution, or one- 
tenth of this amount of the 4 per cent, solution. 

For the neutralization of the whole bulk of the 
bouillon it is better to employ the strong alkaline 
solution, as by its use the volume is not increased 
to so great an extent as when the dilute solution is 
used. 

It is evident that this method. is much more exact 
than that ordinarily employed, but at the same time it 
must be remembered that for its success it requires 
exactness in the measurement of the volumes and the 
preparation of the dilutions. To obviate error, it is 
better to employ this method when the solutions are all 
cool and of nearly the same temperature, so that rapid 
fluctuations in temperature, aud consecjuent alterations 
in volume, will not materially intorfore with the accu- 
racv of the results. 

This method of neutralization, whi<'h is employed by 
Schultz, is to l)e recommendcKl for those* experiments in 
which slight inac^curacies in the n^action of the media 
play an imi)ortant part. 

For the ordinary puri)Oses of the beginner, however, 
results quite satisfactory in their nature may 1h» obtaiiUMl 
by the employment of the saturated smla solution for 
neutralization and the litmus paper as the indicator. 
For some time, however, it has Ihm'ii our practice to 
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employ the yellow curcuma paper for the detection of 
alkalinity rather than the red litmus paper. 

Not infrequently the filtered bouillon, neutralized and 
sterilized, will be seen to contain a fine, flocculent pre- 
(ripitate. This may be due either to excess of alkalinity 
or to incomplete precipitation of the albumin. The 
former may be corrected with dilute acetic or hydro- 
chloric acud, and the bouillon again boiled, filtered, and 
sterilizeil ; or, if due to the latter cause, subsequent 
boiling and filtration usually results in ridding the 
bouillon of the precipitate. 

Another modification now generally employed is tlie 
use of meat extracts instead of the infusion of meat. 
Almost any of the meat extracts of commerce answer 
the purpose, though we usually prefer Liebig's. It is 
employed in the strength of from two to four grammes 
to the litre of water. Peptone and sodium chloride are 
added as in the bouillon made from the meat infusion. 
The advantage of this method is that it takes less time 
than when the infusion of meat is used, aftbnls a solu- 
tion of more uniform composition if used in fixed pro- 
portions, and for general use it answers just as well. 

Nutrient (tKLATIx. — For the preparation of gela- 
tin the bouillon is first prepared in exactly the same 
way Jis has just b(H?n described, except that the neutral- 
ization takes place after the gelatin has been cx)mpletely 
dissolved, which occurs very rapidly in hot bouillon. 
The redaction of the g(»latin as it comes from the manu- 
factories is usually quite acid, so that a mu(*h larger 
amount of alkali is needed for its neutralization than 
for other media. The gelatin is added in the propor- 
tion of lU to 12 }K*r cent. The complete solution of 
tlie gelatin may be ac(M)mplished either over the water- 
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bath, in the steam Bterilizvr, or ovor a free flame. If 
the latter method is practiimxl, care must bv taken that 
the mixture is constantly stirretl to prevent burning at 
the bottom and consequent breaking of tlie flask, if a 
flask is employed. 

For some time it lias l»een onr pnw-tico to use, for the 
purpose of making both gelatin and agar-agar, enamelled 
iron saut^pans instead of glass flasks; by this means 
the free flame may l»c employed without danger of 
breaking the vessel, and, with a little <arc, without fear 
of burning the me<lia. Under any conditions it is 
better to protect the bottom of the vessel from the 
direct action of the flame by the interposition of several 
layers of wire gauze, a tiiin sheet of asl)est(>s-bt.>ard, or 
an ordinary rast-iron stovt^plate. 

When the gelatin is completely melted, it may l>c 
filtered through a folded paper filter on an ordinary 
funnel ; if the iwlution is perfect, this should Itc very 
quickly aecompUshed. 




For the filtration of such siil)staiiiTs as gelatin and 
agar-agar it is of much importance to have a projx'rly 
folded filter. To fold a filter correctly, proi-ced as tol- 
lows: A circular pitie of filter pajHT is toliic<l exactly 
through its centn.', formiiifr the fidd 1, 1 (Fig. l-'t); the 
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end 1 is then folded over to 1', forming the fold 5 ; 

1 and 1' are eaeh then brought to 5, thus forming the 
folds 3 and 7 ; 1 is then carried to the point 7, and the 
fold 4 is formed, and bv carrying 1' to 3 the fold 6 is 
pn)duc»ed ; and by bringing 1 to 3 and 1' to 7 the folds 

2 and 8 result. 

Thus far the ridges of all folds are on the side of the 
pjiper next to the t;ible on which we are folding. The 
.jMiper is now taken up, and each space between the 
seams just produc^l is to be subdivided by a seam or 
fold through its centre, as indicated by the dotted lines 
in Fig. 13, but with the creases on the side opposite to 
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that o(*cui)ied by the creases 1, 2, 3, 4, etc., first made. 
As each of these folds is made the pa|)or is gradually 
foldoil into a wedge-shaj^ed bundle (Fig. 14, a), which, 
when opencnl, assumes the form of a proj)erly folded 
filter seiMi in A, Fig. 14. B(»fi)re placing it upon the 
funnel it is well to go over each crease agjiin and see 
that it is as tightly folded as ]K)ssil)le, without tearing it. 
The advantages of the folded filter is that by its use a 
much greater filtering surface is ol)taiued, as it is in con- 
tact with the funnel only at the points fi)rmed by the 
ridges, leaving the majority of the flat surface free for 
filtration. 



FILTRATION. 79 

The employment of the hot-water funnel, so often 
recommended, has been dispensed with in this work to 
a very large extent, as we know that, if the solution 
of the gelatin is complete, filtration is so rapid as not 
to necessitate the use of an apparatus for maintaining 
the high temperature. The temperature at which the 
hot-water funnel retains the gelatin is so high that evap- 
oration and concentration rapidly oaiur, and in conse- 
quence the filtration is, as a rule, retarded. The filtra- 
tion is frequently done in the steam sterilizer, but this 
too is unnecessary if the gelatin is quite dissolved. At 
the ordinary temperature of the room and by the means 
commonly employed for the filtration of other sub- 
stances, both gelatin and agar-agjir may be rapidly fil- 
tered if they are completely dissolvcnl. 

It not infrequently occurs that, even under the most 
careful treatment, the filtered gelatin is not i>erfe<?tly 
transparent (the condition in which it nnist exist, other- 
wise it is useless), and clarification l)ecomes necessary. 
For this purpose the mass must be ro<lissolved, and 
when at a temperature between 60° f •. and 70° ( -., the 
whites of two eggs, which have bei*n Ix^aten up with 
about 50 c.c. of water, are addinl. The whole is then 
thoroughly mixed together and again brought to the 
boiling-point, and kept at this jKunt until coagulation of 
the albumin octnirs. It is Iwtter not to break up the 
large masses of coagulated albumin if it can be avoided, 
as when broken up into fine flakes they clog the filter 
and materially retard filtration. 

The practice sometimes recommended of removing 
these albuminous masvses by first filtering the gelatin 
through a cloth, and then finally through i)aper, is not 
only superfluous, but in most instancies renders the pro- 
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cess of filtration much more difficult, because of the 
disintegration of these masses into the finer particles, 
which have the effect just mentioned. 

Under no circumstances is a filter to be used 
without first having been moistened with water. If 
this is not done, the pores of the paper, which are 
relatively large when in a dry state, when moistened by 
the gelatin not only diminish in size, but in contract- 
ing are often entirely owluded by the finer albuminous 
flakes which bei*ome fixed within them, and filtration 
pnictically ceases. The preliminary moistening with 
water causes the diminution of the size of the pores 
to such an extent that the finer particles of the precipi- 
tate rest on the surface of the pai)er, instead of becoming 
li'xed hi its meshes. 

During boiling it is well to filter, from time to time, 
a few cubic centimetres of the gelatin into a test-tube 
and boil it over a free flame for a minute or so ; in this 
way on(? can detect if all the albumin has been coagu- 
hit<'(l and when the solution is readv for filtration. 

(iclatin should not, as a rule, be boiled over ten or 
fifteen minutes at one time, or left in the steam sterilizer 
for more than thirtv to fortv-five minutes, otherwise its 
property of solidifying is materially diminished. 

As soon as the gelatin is complete, whether it is 
retained in the flask into which it has been filtered or 
d<'cante(l off into sterilized test-tubes, it should be steril- 
I/jmI in the steam sterilizer on three successive davs, for 
lifteeu minutes each dav — the mouth of the flask or the 
test-tubes containing it having been previously closed 
with cotton plugs. 

NiTUiEXT A(}AH-A(;ar. — The preparation of nu- 
trient agar-agar by the beginner is, as a rule, a some- 
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what tedious and time-taking experience. This is owing 
mainly to lack of patience and failure to adhere strictly 
to the rules laid down for the preparation of this medium. 
Many methods are recommended for its preparation ; 
almost every worker has some slight modification of his 
own. 

The methods that have given us the best results, 
and from which there are no grounds for deviating, are 
as follows : 

. Prepare the bouillon in the usual way. Agar-agar 
reacts neutral, so that the bouillon mav be neutralized 
before the agar is added. Then add finely-chopped agar 
in the proportion of 1 to 1.5 per cent. Place the mix- 
ture in a porcelain-lined iron vessel and make a mark 
on the sides of the vessel at whi(;h the level of the fluid 
stands, add about 250 c.c. to 300 c.c. of water and allow 
the mass to boil slowly, owasionally stirring, over a free 
flame, for from one and one-half to two hours. Care 
must l)e taken that it does not boil over the sides of the 
vessel. From time to time observe if the fluid has 
fallen below the mark of its original level ; if it has, 
add water until its original volume is restoretl. At the 
end of the time given removes the flame and place the 
vess(4 containing the mixture in a large dish of cold 
water; stir the agar c^ontinuoiisly until it has cooled down 
to about 68^-70° C, and then add the wliites of two 
^gs which have been beaten up in about 50 c.c. of 
water; or the ordinary dric<l albumin of commerce 
may be dissolvc^l in cold water in tlie proportion of 
about 10 per cent., and use^d. The results arc eciually 
as good as where eggs are used. Mix this carefully 
tliroughout the agar, and allow the mass to boil slowly 
for about another half-hour, observing all the while the 



82 BACTERIOLOGY. 

level of the fluid. It is necessary to reduce the tempera- 
ture of the mass to the point given, 68°-r70° C, other- 
wise the coagulation of the albumin will occur in lumps 
and masses as soon as it is added, and its clearing action 
will not be homogeneous. The process is a purely 
mechanical one — the finer particles, which would other- 
wise pass through the pores of the filter, being taken 
up by the albumin as it coagulates and retained in the 
eoagula. 

At the end of one-half hour the boiling mass may be 
easily and quickly filtered through a heavy, folded 
[)aper filter at the room temperature, and, as a rule, the 
filtrate is as clear and as transparent as agar-agar 
usually apjK-ars. 

Another plan that insures complete solution of the 
agar without causiug the precipitates that are com- 
monly seen when all the ingredients are added at 
first and boiled for a long time, is to weigh out the 
necessary amount of agar-agar, 10 or 15 grains, and 
phice this in 13()0 or 1400 c.c. of water and boil down 
over a free flame to 1000 c.c. The peptone, salt, and 
lKt»f-ex tract are then addcil and the lx)iling again con- 
tinued until thev are dissolved. The clarification with 
egg albumen may then be done, and usually the mass 
filters quite clear and does not show the presence of 
pnM'ii)itates ufnm cooling. If the mixture is positively 
alkaline, it is not onlv cloud v but it filters with diffi- 
(Milty ; if it is acid, it is usually quite clear ; but, as 
Sclmltz has [xunted out, it losers at the same time some 
of its gelatinizing properties. The lH)uillon should 
always 1k' neutndized before the agar-agar is added to 
it, for if the bouillon be acid, from the acid of the meat, 
it robs the agar, under the influence of heat, of some of 
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its gelatinizing powers, which cannot be regained by 
subsequent neutralization. 

Another method by which the agar-ag*ar can easily 
and quickly be melted, is by steam under pressure. If 
the flask containing the mixture of bouillon and agar 
be kept in the digester or autoclav, with the steam 
under a pressure of one-half to one atmosphere, as 
shown by the gauge, for ten minutes, the agar-agar 
will be found at the end of this time completely melted, 
and filtration may then l)e accomplished with but Kttle 
difficulty. 

If glycerin is to be added to the agar-agar, it is done 
after filtration and before sterilization. The nutritive 
properties of the media for wrtain organisms, particu- 
larly the tubercle bacilhis, is improvcKl by the addition 
of glycerin in the pro[X)rtion of to 7 per cent. 

If afl^r filtration a fine flocculent precipitate is seen, 
look to the reacticm of the medium. If it is quite alka- 
line, neutralize, boil, and filter a<»:ain. If the reaction 
is neutral or only very slightly acud, dissolve and clarify 
again with egg albumin by the method ^ivcn. 

The most im|)ortant point in all the media, aside 
from the correct proportion of the injijredients, is their 
reaction. They must be neutnil or very sli^litly alka- 
line. But few orgsmisms develop w(»ll on media of an 
acid reaction. In all of the above media the meat ex- 
tracts now on the market mav usuallv be substituted for 
the meat itself in preparing the bouillon. In this ease 
the preparation known as Liebig's Meat Extract may 
be employed in the proportion of from two to four 
grammes to the litre of water. 

PREPARAxroN OF PoTATOKs. — Potatoes are pre- 
pared for use in two ways : 
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1. They are taken as they come to the market — old 
potatoes being usually recommended, and carefully 
scrubbed under the water-tap with a stiff brush until 
all adherent dirt has been removed ; "the eyes" and all 
discolored or decayed parts are carefully removed w^ith 
a ix)inted knife. They are then to be placed in a solu- 
tion of corrosive sublimate of the strength of 1 : 1000 
and allowed to remain there for twenty minutes ; at the 
end of this time, without rinsing off the sublimate, they 
are •|)laced in a covered tin bucket with a perforated 
bottom and sterilized in the steam sterilizer for fortv- 
five minutes. On the second and third days the sterili- 
zation is repeated for fifteen to twenty minutes each 
day. They must not be removed from the sterilizing 
bucket until sterilization is complete. At the end of 
this time they are ready for use. When prepared in 
this wav, thev are usuallv intended to be cut into two 
halves, and the cultivation of the organisms is to be 
conductoil u[)ou the flat surfaces of the sections. 

This method requires some care to prevent con- 
tamination during manipulation. The hand which is 
to take up the [>()tato from the bucket, which until 
now has remaiue<l covered, is first disinfected in the 
sublimate solution for ten minutes, the i>otato is then 
taken up betwivn the thuinb and index finger, and sev- 
ereil into two by a knife which has just Ikh-MI sterilized 
in the inn} flame until it is quite hot. The blade of the 
kiiife is passeil not quite through the potato, but nearly 
so. .V large glass cultuiv-tlish for the nH.»epti<m of the 
two halves of the [H)tato having Ikvu disinfei^ted for 
twenty minutes with 1 \ l(KK) sublimate solution and 
tlu»n dniiniHl of all the adherent solutit)u, is at hand 
rtMuly for the bits of |K»tato; the ix)ver is removeil, and 
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by twisting the knife gently the two halves of the 
potato may be caused to fall apart in the dish and 
usually to fall upon their convex surfaces, leaving the 
flat sections uppermost. The cover is j)laced upon the 
dish and the potatoes are ready for inoculation. 

2. Preparaiion of potatoes for test-tuhe cultures. Method 
of Bolton.^ If the potatoc»8 are to be employed for test- 
tube cultures, one simply scrubs off the coarser j>articles 
of dirt with water and a brush, and with a cork-l)orer 
punches out cylindricjil bits of }X)tato which will fit 
loosely into the test-tubes to be ust»d. 
On each bit of jwtato is then to l)e cut a 
slanting surface nmning diagonally from 
about the junction of the first and second 
third of the cylinder to the diagonally 
opposite end. These cylinders of potato 
are now to be left in running water over 
night, other^vise they are very much dis- 
colored bv the sterilization to which thcv 
are to be subjected. At the end of this 
time tliey are placxnl in previously ])re- 
pared test-tubes, one j)iece in each tube, 
with the slanting surface up, the cotton 
plugs of the tubes rej>lac(Kl, and they 
are then to be sterilized in the steam 
for fortv-five minutes. On the second 
and third days they arc to be sterilized 
for fifteen to twenty minutes each da v. 

The entire sterilization mav l)e accom- 
plished in the autoclave witli the steam under a preij- 
sure of one atmosphere, by a singK' exposure of twenty 
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to twenty-five minutes. When finished they have the 
appearance seen in Fig. 15, except that there is no 
growth upon the surface as is shown in the cut. 

Care must be given to the sterilization of potatoes, 
because they always have adhering to them the or- 
ganisms commonly found in the ground, the spores of 
which are among the most resistant of all known 
organisms. The so-called " potato bacillus " is one of 
this group ; it is an organism which not infrequently 
is more or less of an obstacle to the work of the 
beginner. 

Blood-Serum. — Blood-serum requires special care 
in its preparation ; it is desirable under all conditions 
to reduce the unavoidable contamination, which to a 
certain extent occurs during manipulation, to its min- 
imum degree. 

It is possible to collect serum from small animals and 
in small quantities under such precautions that it is 
pcrliaps not contaminated, but ordinarily for laboratory 
j)urposes a larger quantity is needed, so that the 
slauglit<»r-houses form the sources fix)m which it is 
usually obtaintHl, and here a certain amount of contami- 
nation is unavoidable, though its degree may be limited 
by pn)i>er prtn^aution. The animal from which the 
blood is to be collected should be drawn up to the ceil- 
ing by the hind legs, the head should be held well back, 
and with one jiass of a very sharp knife the throat 
should W (\>mpletely cut through. The blood which 
will bo spurting from the sevonHl vessels should be col- 
ItH^tiHl in largi^ glass jai's which have been previously 
cloautHl» disintlH'teil, and all tracrs of the disinfectant 
nMUovixl with aK\)hol and tinallv ether. The latter 
evaj>omtos very quickly and leaves the jar quite drj\ 
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The jars should be provided witli covers which close 
hermetically — these too should be carefully disinfected. 
The best form of glass vessels for the purpose are the 
large glass museum jars of alx)ut one gallon capacity, 
which close by a cover that can Ixi tightly screwed 
down upon a nibber joint. From two such jarfuls of 
blood one can recover quite a large quantity of clear 
serum, ordinarily from 500-700 c.c. The jars having 
been filled with blood, their covers are placed loosely 
upon them and they are allowed to stand for about 
fifteen minutes until clotting has begun. At the end 
of thb time a clean glass rod is passeil around the edges 
of the surface of the clot to break up any adhesions to 
the wall of the jar that might have formed, and which 
would prevent the sinking of the clot to the bottom. 
The covers are then tightly re])laced, and with as litth; 
agitation as possible the jars are placcnl in an iee-chest, 
where they remain for twenty-four to forty-eight hours. 
The temperature should, however, not be low enough 
to prevent coagulaticm, but should be suffi<'iently low to 
interfere with the development of any living orgiinisnis 
that may Ix; present. The teni|K'ratur(» of tlie onlinarv 
domestic refrigerator is sufficient for the j)urpos(\ After 
twenty-four to forty-eight hours the clot will have 
become firm, and will 1k' seen at the bottom of tlie jar. 
Above it is a quantity of dark straw-c<»lore<l sernni. 
The serum may then be drawn off with a sterilizcHl 
pipette and pla(*(Hl in tall cylinders that have ])revi- 
ously lx»en plugged witli cotton wa<l<ling and sterilized. 
After treating all the serura in tliis way, <'are having 
been taken to get as little of the coloring matter of tlie 
blood as possible, it may be placed again in the; 
ice-chest for twenty-four hours during whi<'h time the 
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corptidciUar clcmotite will sink to the bottom, leaving 
tbft supernatant fluid quite clear. This may then l>e 
pipetted off, cither into sterilised test-tubes, about 8 c.c. 
to eai^h tube, or into small sterilized flasks of about 100 
C.C!. capacity. It la then to be sterilized by tlie inter- 
tiiittvnt Dietbod d/ lotB (emperalureg, viz., for one hour on 
c&t-h of tivo consecutive days at a temperature of 
C8''-70° (". During the intervening days it is to be 
kept at the room temperature to [>ermit of the de- 
velopment of any spores that may be present in their 
vpgt'tjitive forms, in which cmiditinn tliey are killed by 
an hour's exjiosure to the temperature of 70° C. 




At the end of tliis liniv the i^rum in tbe tubes may 
l«thcr Iw retained iis lliiiil s-tuiu i>r solidifit-d at Iwtween 
I'tfi^-SO" C. In wilidifyiiig the «Tum tbe IuIk^s should 
ptacod iu an im-lined [wsition so that as great 
" » «« possible may be given to tlie serum. The 
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prooesB of solidification requires constant attention if 
good results are to be obtained, L «., if a translucent, 
solid medium is to result. If the old, small form of 
apparatus is employed (Fig. 16), then the solidification 
can be accomplished in a shorter time than if the larger 
forms, which are now frequently employiKl, are used. 
No definite rule for the time that will be re<iuired can 
be laid down, for this is not constant. If the small 
solidifying apparatus is used, very good results may l)e 
obtained in about two hours at 78° C. It fre<]uently 
requires a longer time at a higher temperature than 
has been mentioned. Tliis is especially the case with 
L5ffler's serum mixture. 

The best results are obtained when a low temi>erature 
is employed for a long time. Under any circumstances 
the tubes must be observed from time to time through 
the glass door or cover with which the solidifying oven 
is provided, and each time the oven should be slightly 
jarred with the hand to see if solidification, as indi- 
cated by the disappearance of tremors from the sc»rum, 
is beginning. If the temi>eniturc gets too higli, or the 
exjKNSurc is too long, an opacjuc nuKlium results. The 
temperature to l)e observed is that of the air inside the 
chamber, and also that of the wat^T surrounding it. 
The latter is usually a degree or two higher than the 
former. The tahos should not rest dirinrtly upon the 
heated bottom or against the heatc<l sides of the* chamlKT, 
but should lie \\\\on racks of wo<h1 or wire, and 1k' pro- 
tected from the sides by a wire scr(»en of'giui/t?; in this 
way tlie tulies an» all exposed to about the sjuih* tem- 
perature. The themiometer which indicates the tem- 
{)erature inside the chamber slioiiM not touch the 
surfiuses, but should either be suspend(Hl frt»e from alx)ve 
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throLgli a cork in the top of the apparatus, if the large 
form of apparatus ie used ; or should lie upon a rack of 
oork or wood, ite bulb being free and a little lower thau 
the other extremity, if the small, old-fasliioned appa- 
ratus of Koch is employed. The latter lorm 18 prefer- 
able, as it is more easily managed. 

When Bolidilication is complete, the tubes are to be 
retained in tlie erect jiosition and, unless they are 
intt^nded for immediate use, must be prevented from 
drying. The superfluous ends of the t-ottoo plugs should 
be burned off, and the mouths of the tubes may then be 
covered by sterilized rubber caps, or, as Ghriskey sug- 
gests, they may be closed with steriliiied corks pushed 
in on top of the cotton jilugs. Even with the greatest- 
care it not uncommonly happens that one or two of the 
lot of tubes thus prepared and protected will become 
contaminated. This is usually due to spores of moulds 
that have fallen into the rubber laps or on the cotton 
plugs dunng manipulation, and, finding no means of 
outward growth, have thrown their hyjdiBc downward j 
through the cotton into the tube, and their spores havi 
fallen on the surface of tlie serum and developed t 

It is often desirable to obtain blood-serum in small 
quantities, either for culture purposes or for the study 
of the sernm of different animals in its relation to bao- _ 
t«ria, and for this pur|K)8e Nottall {Cnttralbl. , 
ParasUenkunde, 18112, Bd. xi. p. 539) suggeste a 1 
oonvcnicnt method. By the use of a sterilized v 
of the shape given in Fig. 17, from ten to one hundred 
cubic centimetres of blood i-an Iw TOllected,and if proper 
autions arc observed no contamination by 
[ ooour. The collecting bulb is used in 
An arttry, either femoral or a 
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exposed, and around it two ligatures are placed ; that 
distant from the heart is tightened, while the one nearest 
the heart is left loose; between the latter and the 
heart the artery is clamped. A small slit is then made 
in its wall, into which the point a of the bulb is intro- 
duced and the artery bound tightly around it with the 
hitherto loose ligature ; the clamp is removed and the 



Fig. 17. 




NoUairs bolb for collecting blood-serum under antiseptic precautions. 

bulb quickly fills with bhxMl. The <*lanip is now apiin 
put in position, the point of tlic bulb removal and 
sealed in the gas-flame, tlic loose li)xatnr<> tigliteneil, the 
wound closed, and the vessel containing the blood is set 
aside in a cool place until coagulation has oc(!urrc(l. 
The serum is most easilv witlulniwn from the bulb bv 
means of a pi|)ette, c1os<h1 above with a cotton i>lug and 
supplied with a bit of rubber tubing about one-half 
metre long with glass mouth-j)iccc. By holding the 
pipette in the hand and sucking uj)on the rubber tube 
one can more easily din»<*t the i)oint of the pipette than 
if it is used in the ordinarv wav. 
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The bulbs are easily blown, and after having been 
sealed at the point and plugged with cotton can be kept 
on hand just as are sterilized test-tubes. 

Special Media. — The media just described — bou- 
illon, nutrient gelatin, nutrient agar-agar, potato, and 
blood-serum — are those in general use in the laboratory 
for purposes of isolation and study of the ordinary forms 
of bacteria. For the finer points of differentiation 
special media have been suggested ; a few of them will 
be mentioned. 

Milk. Fresh milk should be allowed to stand over 
night in the ice-chest, the cream then removed, and the 
remainder of the milk pipetted into test-tubes, about 
8 c.c. to each tube, and sterilized by the intermittent 
process, at the temperature of steam, for three successive 
davs. 

The cream is best separated from the milk by the use 
of a cylindrical vessel with sto^xjock at the bottom, 
by means of which the milk, devoid of cream, may be 
drawn off. A Chevalier creamometer with stopcock at 
the bottom serves the purpose very well. It should be 
covered while standing. 

Milk may be used as a culture medium without any 
addition to it, or, before sterilizing, a few drops of 
litmus tincture may be added, just enough to give it a 
j)ale blue color. By this means it may be seen that dif- 
ferent organisms bring about different reactions in the 
medium ; some producing alkalies \vhi(^h cause the blue 
color to be intensified, others producing acids which 
change it to red, wliile others bring about neither of 
these changes. Similarly litmus solution is often added 
to gelatin and agar-agar for tlie same purpose. 

Milk may also be employed as a solid culture medium 
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by Uie addition to it of gelatin or agar-agar in the pro- 
portions given for the preparation of the ordinary nutri- 
ent gelatin or agar-agar. It has, however, in this form 
the disadvantage of not being trans})arent, and can there- 
fore best be used for tlie study of those organisms which 
grow upon the surface of the medium without c^iusing 
liquefiu^ion. 

Nutrient gelatin and agar-agar can also be prepared 
from neutral milk whey, obtained from milk by pre- 
cipitation of the casein. 

Dunham^s peptone solution, Tlio medium usually 
known as Dunham's solution is prepared according to 
tJie following formula : 

Dried peptone 1 part. 

Sodium chloride 0.5 " 

Distilled water 100 parts. 

It is usually of a neutnil or slightly alkaline reaction, 
and neutralization is not, therefore, necessiirv. It is 
filtered, decanted into tubes or flasks, and sterilized in 
the steam sterilizer in the ordinary wav. The most 
common use to which this solution is put is in deter- 
mining if the organism under consideration possesses 
the property of producing iudol as one of its products 
of nutrition. It is esstnitial for accMiracv that the prei>- 
aration of dried peptone employed should 1><^ of as 
nearly chemical purity as is possible, and indeed the 
other ingredients should be corresj)ondingly free from 
impurities. Gorini [CentralblaU fur Balderiologie und 
ParcuUenkunde, 189.% IJd. xiii. p. 790) (»alls attenticm 
to the feet that ini])urities in the j)eptone, particularly 
the presence of cjirbohyd rates, so interfere with the 
production of indol by certain bacteria that otherwis^^ 

produce it that it is oft times iinj>ossible, when such prep- 

6* 
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arations have been employed, to obtain the characteristic 
color reaction of this body, and where it is obtained it 
is always after a much longer time than is the case 
where peptone free from these substances has been used. 
He suggests the advisability of testing the purity of all 
peptone preparations before using them, by means of 
the reaction that they exhibit when acted upon by 
Fehling's alkaline copper solution. Under the influence 
of this agent pure [>eptone in solution gives a violet 
color (the biuret reaction), which remains permanent 
even after boiling for five minutes. If instead of a 
violet color there appears a red or reddish-yellow pre- 
cipitate the peptone should be discarded, as in his 
experience no indol is produced from peptone giving 
this reaction. Both the peptone solution and that of 
the copper (particularly the latter) should be relatively 
dilute in order for the reaction to be successftil. 

Peptone rosalic acid solution. Peptone solution to 
which rosalic acid is added serves well for the detection 
of alterations in reaction. It consists of the peptone 
solution of Dunham, to each 100 c.c. of which 2 c.c. of 
the following solution is added : 

Rosalie acid (coralliue) 0.5 gramme. 

Alcohol (80 per cent.) 100 cc 

This is to be boiled, filtered, and decanted into clean, 
sterilized test-tul)es, about 8 to 10 c.c. to each tube. The 
tubes are then to be sterilizeil in tlie usual way by steam. 
When sterilization is completed and the tubes cooled, the 
solution will be of a very ])alc rose color, which disap- 
pears entirely under the action of acids, and becomes 
much more intense when alkalies are produced. We 
have used this solution for some time for the study of 
the reactions produced by different organisms, and find 
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it a valuable addition to our means of diiferent;^ation of 
bacteria. 

Rosalie acid cannot be used with safetv in solutions 
containing glucose, as the reducing action of the latter 
deprives it of its color. 

Lactose-lUmus-agar, or gelatin of Wuriz. A medium 
of much use in the differentiation of bac^teriu is that 
recommended by Wurtz, consisting of ordinary nutrient, 
slightly alkaline agar-agar to which from 2 to 3 ])er 
cent, of lactose and sufficient litmus tincture to give it 
a pale blue color have been added. Bacteria capable of 
causing fermentation of lactose when grown on this 
medium develop into colonies of a pale pink color and 
cause, likewise, a reddening of the surrounding medium, 
owing to the production of acid as a result of their 
action upon the lactose ; while other bacteria, incapable 
of such fermentative activities, grow as pale blue colonies 
and cause no reddening of the surrounding medium. 
It is especially useful for the differentiation of the 
bacillus of typhoid fever, which does not possess the 
property of bringing about fermentation of lactose, from 
other organisms that simulate it in many other res])ects 
but which possess this property. 

Its preparation is as follows : To nutrient agar-agar 
or gelatin, the alkalinity of which is such that one cubic 
centimetre will require 0.1 c.e. of a 1 : 20 n(»rmal sid- 
phuric acid solution to neutralize it, lactose is added in 
the proportion of 2 or 3 jmt c(»nt. ; it is then decanted 
into test-tubes and sterilized in the usual wav. When 
sterilization is complete there is to Ik* added to each 
tube enough sterilized litmus tiiK'ture to give a decider! 
though not very intense blue color. This must be done 
carefully, to avoid contamination of the tubes during 
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manipulatioD. It is better not to add the litmus tinc- 
ture before sterilizing the tubes, as its color character- 
istics are in some way altered by its contact with 
organic matters under the influence of heat. 

When ready it may be used as ordinary agar-agar or 
gelatin, either for plates or slant cultures. 

Loffler^s blood-serum mixture. Loffler's blood-serum 
mixture consists of one part of neutral meat-infiision 
bouillon containing 1 per cent, of grape-sugar, and three 
parts of blood-serum. This mixture is placed in test- 
tubes, sterilized, and solidified in exactly the way given 
for blood-serum. 

GuamiarVa agar-gdatin : 

Meat-inftisioQ 960 c.c. 

Sodium chloride 5 grammes. 

Peptone 26-30 " 

Gelatin 40-60 •' 

Agar-agar 3-4 " 

Water 50 c.c. 

The point in the preparation of this medium is its 
reaction, which should be exactly neutral. 

The list of special media is too great to be given in a 
work of this size. Their description must be seen in 
the original. Those that have been given above will 
suffice for obtaining a clear understanding of the prin- 
ciples of the work. 

NoTK. — The term " meat-infusion " always implies a 
watery extract of meat made by mixing 500 grammes of 
finoly-cliopj>ed lean meat and 1 litre of water together, 
and allowing them to stand in a cool place for twenty- 
four hours. At the end of this time the fluid portion 
is strained off* through a coarse towel. This represents 
the infusion. 



CHAPTER VI. 

Prepuatloii of the tubes, floakB, etc.. in which the media are to be pro- 
■erred* 

While the media are in course of prejmration it is 
well to get the test-tul)es and flasks ready for their 
reception, and it is essential that they should Ikj as dean 
as it is possible to make them. For this purpose it is 
advisable that both new tubes and those which have 
previously been used should l)e boiled for some time, 
about thirty to forty-five minutes, in a strong solution 
of common soda, about a 4 or 6 per cent, solution ; it 
b not necessary to be exact as to the strength, but it 
should not be weaker than this. At the end of this 
time they are to be carefully swabbed out with a cylin- 
drical bristle brush, prt»fcrably one having a reed handle 
Fig. 18), as those with w^ire handles are apt to break 

Fio. 18. 




Brush for cleaning test-tubes. 

through the bottoms of the tubes. All t nice of adherent 
material should be carefullv removed. When the tul)es 
are quite clean they may l)e rinseil in a warm solution 
of commercial hydrochlori<* acid of the stn'n^th of about 
1 per cent. This is to remove the alkali. They are 
then to be thoroughly rinsed in clear, running water, 
and stood top down until the water has draineil from 
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them. When dry they are to be plii^od with raw 
ootton. The plugging with the t'otton requires a little 
practice before it can be properly done. The cotton 
should be introduced into the mouths of the tubes in 
such a way that no cracks or creases exist, but should 
fill tliem (iiiitc regularly all around. The pings should 
fit neither tiw tightly uor too loosely, but should be 
just firmly enough in |wsition to sustain the weight of 
the tube into wliich it is placed when held up by the 
[Kirtion which projents from and overhangs tlie mouth 
of the tube. The tubes thus plugged with cotton are 
now to be placed upright in a wire basket and heated 
for one hour in the hot-air steriliser at a temperature 
of about 150° C A very good rule for this process of 
sterilizing is to ohscr\'e the tubes from time to time, and 
as soon as the cotton has Ijeconie a very light brown 
color, not deeper than a dark-cream tint, to consider 
sterilization complete. The tubes are then removed : 
and allowed to cool down. 

The cotton used for this purpose should be th«.( 
ordinary cotton batting of tlie shops, and not absorbeut j 
cotton ; the latter becomes too tightly packed, and is, ( 
moreover, much too exjiensive for this purjxise. 

Care should be taken not to burn the cotton, other- I 
wise the tubes will Ijecome coatetl with a dark-colored i 
oily deposit which renders them unfit for use, and thej? j 
will have to l»' cleaned again. 

I'^LUNG THE Tubes. — When the tubes are cold they J 
may be filled. This is \w»t accomplished by the use of 1 
a spherical form of funnel, such as is shown in Fig. 19, T 
The liquefied medium is poure<i into this funnel, which! 
has been i»refully washed, and by pressing the pinch- 
oock with which the funnel is provided, the desired i 
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amount of material (6-10 c.c.) may be allowed to flow 
into the tubes held under its opening. 



Fig. 19. 




Funnel for filling tubes with culture media. 

It 18 not necessary to sterilize the funnel, for the 
medium is to be subjected to this pnwess as soon as it 
is in the test-tubes. 

Care should be taken that none of the mcKlinin is 
dropped upon the mouth of the test-tulx*, otherwise the 
cotton plugs become adherent to it and are not only 
difficult to remove, but present a very untidy apj>ear- 
ancc, and iuterfen*, indeed, with the proper manipula- 
tions. 

As soon as the tubes have been tUhnl thev are to Ik* 
sterilized in the steam sterilizer for fifteen minutes on 
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each of three suooessive days. During the intervening 
days they may be kept at the ordinary room tempera- 
ture. 

When sterilization is complete, and the medium in 
the tubes is still liquid, some of them may be placed in 
a slanting }X)sition, at an angle of about ten degrees 
with the surface on which they rest, and the medium 
allowed to solidify in this position. These are for the 
so-called slant cultures. The balance may solidify in 
the erect }X)sition ; these serve for the plate cultures. 

For Esmarch tubes not more than 5 c.c. of material 
should be placed in each tube, as more than this renders 
the rolling difficult and irregular. 



CHAPTER VII. 

Technique of making plates— Esmarch tubes, Petri plates, etc. 

Plates. — The plate method can Ix; practised with 
both agar-agar and gelatin. It ('onnot be practised 
with blood-serum, because the serum, when once solidi- 
fied, cannot be again liquefied. 

Plates are usually refi^red to as '* a set." This term 
implies three individual plates, each representing the 
mixture of organisms in a higher stage of dilution. 
The first plate is known usually as ** the original," or 
"plate 1," the first dilution from this as " plate 2,'' and 
the second as ** plate 3." 

In the preparation of a set of plates the f(>llowing 
are the steps to be observed : 

Three tul)es, each c*ontaining fn>m 7 to 9 c.c. of gela- 
tin or agar-agar, are placed in the warm water bath 
until the medium has become liquid. If agar-agar is 
employed, this is accomplisheil at the boiliug-poiut of 
water; if gelatin is used, a much lower temperature 
Huffiees (35°-40° (\). When li<|uefaction is complete 
the temjKjraturt* of the water, in the case of agar-agar, 
must be reduce<l to 41°-42° (\, at which t<'mpcniture 
the agar-agar remains licpiid, and the orgjuiisms may 
1)C introduced into it without fear of destroviny: their 
vitality. The medium being now licjuid and of the 
proper tcanjwniture, a very small portion of tin* mixture 
of organisms to l)e studied is taken up with a stcril- 
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ized, looped platinum wire, Fig. 20. This is nothing 
more than a piece of platinum wire of about 5 cm. 
long, twisted into a small loop at one end and fused 
into a bit of glass rod, which acts as a handle, at the 
other extremity. This loop is one of the most useful 
of bacteriological instruments, as there is hardly a 
manipulation in the work into which it does not enter. 
Under no conditions is it to be employed without having 

Fig. 20. 

a 



b 
Looped and straight platinum wires in glass handles. 



l)een passed through the gas-flame until quite hot; this' 
is for the purpose of sterilization. One should form a 
habit of never taking up one of these platinum- wire 
needles, as they are called, for they are both looped and 
curved or straight (Fig. 20, 6), without passing it 
through the flame, and the sooner the beginner learns 
to do this as a matter of reflex, the sooner does he rid 
himself of one of the possible sources of error in his 
work. It must Iw remembered, though, that it should 
not l>e us(k1 when hot, otherwise the organisms taken 
uj>on it are killcnl l)v tlie high tem[)oratnre ; after steril- 
ization in the flame one waits for a few seconds until it 
is cool before using. 

The bit of material under consideration is transferred 
with the storilizwl loop into tube No. 1, " the original," 
where it is carefullv disintegrated bv ffcntlv rubbine it 



"""^^ 



ivcBinquE OF making plates. 103 

t tlie Bides of the tube. Tlie more carefully this 
is done the more homogeneous will be the distribution 
of the oi^anisms and the better the results. Tlie loop 
is then again sterilized, and three of its loopfnk are 
passed, wUhmd touching (he aides of the tube, from " the 
original" into tube No. 2, where they are carefully 
mixed. Again the loop is stcrili^ted and again three 
dip6 are made from tube 2 into tnl>e .1. This completes 
the dilution. Tlie loop is now sterilized before laying 
it arade. 




Levelling trlpnl 



During this ninnipiilntion, \viii'-b must Ih' tlonc 
([uiekly if agar-agiir is cinjiloyiil, the tciiiiM-niturc iif 
the water in the batli in wliii-li the ttilxs stiuid slioiild 
never get lower tlum .'J!)" <'., and never liigber than 
43° 0. If if falls t.Mi I..W, below ;W° C, the agjir-aj.-ar 
gelatinizes, and ran only be nilissolvcd by a trin|)rra- 
tiire that would 1k' distrmtivc to the orjpinisnis which 
may have Ijcen intriMhuid into (lie ttilHv, This is not 
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of SO much moment with gelatin, aa it may readily I)e 
redisBoIveJ at a tfmperatiire not detrimental to the 
ot^iiiams with \\'hich the tubes muy liave l)een inocu- 
lated. 

The Coolisq-stage and IjEV"Ei,i,rNG Tripod. — 
While the medium of which the plaUs are to be made 
is meltiDg, it is well to armuge the cooliDg-stage (Fig. 
21) ii{H)n wLidi it is to bo subsequently solidified. 

Thia stage rousiats of a glass dish filled with ice- 
water aud covered witli a ground-glass plate, which in 
turn has a dome-shaijed cover. The dish rests u|jon a 
tri|>od which can be hrought to an exact level, as indi- 
cated by the spirit-level, by raising or lowering its legs 
by means of screws, witli which they are provided. 
Three stages are usually employed. When ready for 
use they should be exactly level. 




I The Glass Pi-atlw. — On each of the stjiges is to be 
placed a glass plate u[»n which the liquetied gelatin or 
agar-i^r ia to be poured aud allowed to solidify. It 
is, therefore, necessary that the plates should not only 
be sterile wlicn plaoed uiKin the stages, hut should be 
carefully protected by a cover against dust and bacteria 
Smta outside sources during mauipulation. 
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A number of plates at a time are usually sterilized in 
the dry sterili^r at a temperature of 150° to 180° C. 
for one hour. During sterilization and until used they 
are retained in an iron box (Fig. 22), which is especially 
designed for the purpose. 

They should never be placed upon the stage until 
eold ; otherwise thev crack. 

When the plates which have been placed up<m the 
stages are quite cold, the melted gelatin or agar-agar in 
the tubes which represent the three dihitions should l>e 
poured upon them, each tul>e being emptied upon a 
separate plate. If the meilium is quite fluid it spreads 
over the surface of the plates in a thin, even layer. 
Sometimes it may be more evenly spread as it flows 
from the tube by the aid of a sterilizeil glass rod. 



FlO. 23. 




Glass benches for supporting plates. 



As the contents of each tul>c arecmptiiHl upon a plate 
the cover of the cooling-stage is quickly replaced and 
the plate allowed to stand until the gelatin or agar-agar 
is quite solid. This takes longer with gelatin than with 
agar. When quite solid they are plac(^l upon little 
glass benches (Fig. 2.'i), and each bench is labelled with 
the number of the plate in tlic series of* dilutions. The 
benches, with the plates upon them, are then pile<l one 
above the other in a glass dish, the so-cji11(h1 " culture- 
dish," in which the plates are to 1k» kept during the 
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growth of the bacteria. The benches are sterilized 
before using, in the way given for tlie plates. 

Cflturk-dish. — This dish, which is about 22 cm. 
in diameter and has vertical sides of about 6 cm. in 
height, is provided with a cover of exaetly the same 
design, but of a little larger diameter. This cover, 
when placed upon ihc dish routttintng the platea, fits i 
over it and prevents the access of dust. Prior to uaiug, 
the dish and cover slionld have l>een disinfected tor . 
one-half hour with 1 : 1000 sublimate, and tlien all the 
sublimate solution allowed to drain from it. 

Into the I>ottom of this dish is sometimes placed a 
disk of sterilized fUter-jMiper moistened with sterilined 
water, which serves to preveut the dr)*ing of the plates. 
This, however, is not necessary. 

If agar-agar is employed, the disli and its contents | 
may be placed at a temperature of 37°-38° C; if J 
gelatin, tlie tcmi^rature at which tlie plates are now to t 
be kept should not be over 22° C, otherwise the gela- , 
tin becomes liquefied and the plates are rendered useless. | 

When development has occurred, the object of the I 
dilution will easily be seen, and the different s^iecies of 4 
bacteria in the mixture will be recognized by differencea 
in the character of the colonies growing from them. 

This, in short, is the plate method of Koch for the 
separation of the individual species contaiucd in a mix- i 
ture of bacteria. Many modificatious of this method I 
exist ; all, however, are baseil upon tlie same principles. | 
The rauditicalions have for their object the accomplish- 
ment of the same end, but with a smaller annamenta^ | 
rium of apparatus. 

PETKi'8 MODIFICATIOS OF THE pLATE METHOD. — ■ | 

The modification which approaches nearcHt to the original > 
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method, and at the same time lessens very materially the 
number of steps in the process, is that suggested by Petri. 
It oonflists in substituting for the plates small, round, 
double glass dishes, which have about the same surface- 
area as the plates. The liquid medium may be poured 
directly into these little dishes without their being exactly 
level. Each dish acts as a plate. Their c»overs are then 
to be replaced, and they are set aside for observation. 
In all other respects the steps are the same as those given 
for Koch's original method. Petri's dishes are flat, double 
dishes of glass (Fig. 24). They are of about 8 cm. in 



Fig. 24. 




Petri double dish, uow generally used instead of plates. 

diameter and alx)ut 1.5 to 2 em. in height, the walls 
being vertical. They may readily Ix' sterilizc<l either 
by the hot-air or steam methods of sterilization. They 
are very useful for this work, as they do away with the 
necessity for the i^oling-stage and li'velling tripods, 
though in warm weiitlier the e(K)liug-staj^e may be used 
to hasten the solidification of gelatin. 

Esmarch's Tubes. — The modification of Koch's 
method which insures the greatest .security fn)m con- 
tamination by outside organisms and requires the small- 
est supply of apparatus, is that suggestc^l by v. Esinarch. 
It difiTers from the other methods thus: The dilutions 
having bet»n prepared in tubes containing a smaller 
amount of medium than usual — as a rule not more than 
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6 to 6 O.C. — are, lustead of Iwing poured out upon plates 
or into dishes, sjiread over the inner surface of the tube 
containing them, and without removing the eotton phiga 
are taiised to solidify in this position. The tubes then 
present a thin cylindrieal lining of gelatin or agar-agar, 
upon which the colonies develoji. In all other res])ectB 
the eouditious lor the growtii of tlie oi^nisma are the 
same a» in ilat platrs. 

Eflmari'li dii-ecta that after completion of the dihitiotw ' 
the tops of the cotton phigw in the tubes should be cut [ 
off flush witli the mouth of the test-tube and a steril- 
ized rubl>er cap be placed over this. They are then to 
be held in the horizontal position and twisted between 
the fingers upon their long axes under ice-water. The i 
gelatin becomes solidified thereby and adlieres to the | 
sides of the tul>e. When the gelatin is quite hard the ^ 
tubes are removed from the water, wiped dry, the rubber i 
caps removed, and they are set iwide for observaUon. 

For soiiie time ]Hi8t we have deviated from tlie direc- ' 
tion given by v. Eomareh for this part of his method, 
and instead of rolling the tubes under ii-c-wator, we roll 
them upon a block of i™ (Fig, 25), after the method 
devised by IJooker in the Patiiolt^ical Tjaboratory of 
the Johns Hopkins University in 1887. In this method 
a small block of ice only is needed. It is arranged 
nearly level, and is held in iiosition by Iwing placed in 
a dish upon a cloth. A horizontal groove is melted in , 
the surface of the ice with a test-tube of hot water. The J 
tuboH to t>e rolled are then held in an almost, not quii£, j 
horizontal )X)sition and twisted between the fingers 1 
until the sides are moistened by the ctvotents to within i 
about 1 cm. of the cotton plug, care being taken that J 
the gelatin does not touch the cotton ; otherwise the latter 'I 
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Wwmes adherent to tlipai«Wof the tiilieand is diffictilt 
to remove. Tht> tiil>e i.s then ]>luced in tlie groove in 
the ice and rolled, neither ruhl)er atp nor eiittinp off of 
the cotton ping being np(*saary. 




«■« "m.: 'm^' 



er> mellioil of rolling BHiuHrch tnbes on n block ot fre, 

Tbo advantages of this jiroeess over timt foHowed by 
V. Eemar<^^li are tlint it i-etiuires lewa time, is eleaner, no 
rnbber caps are neede*!, the n)Iled tul)e8 are more n^gii- 
lar, and the gelatin does not touch the eollon plug, as 
ia alwAyg the ease in the tubes rolled under water, 
l>eeause of the imposHibilitv of holding tliem steady at 
one level. 

There la an impression that Rsmareh tnttcs arc not 
a wiecesB when made from ordinary nntrieut agiir-agnr 
b<K9itise of the tendeney of this medium to collapse Utid 
fell into the bottJim of the tube. This slipping down 
of tlie agar-flgar is due to the water that is sqiieexeil 
from it during solitlifieation getting Wtween the medium 
and the walU of the tube. This itxn easily W overcome 
by allowing the rolled tubes to remain in nearly a hori- 
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zontal positioD, the cotton end of the tube about 1.5 to 
2 cm. higher than the bottom of the tube, for twenty- 
four hours after rolling them. During this time the 
edge of the agar-agar nearest the cotton phig becomes 
dried and adherent to the walls of the tube*, while the 
water collects at the most dejwndent point, f. e., i\\(i 
bottom of the tube. After this they may l>e retained 
in the upright iK)Sition without fear of the agar-agar 
slipping down. We have followed this pnx^ess for 
several years with entire satisfat^tion.* 

In all these processes, if the dilutions of the number 
of organisms have been properly conducted, the results 
will be the same. The original plate or tube, as a rule, 
will l)e of no use because of the great number of colonies 
in it. Plate or tube No. 2 may be of service, but plate 
or tube 3 will usually contain the organisms in such 
small numbers that the colonies originating from them 
will have nothing to prevent their characteristic de- 
velopment. 

For reasons of tHM^nomy, the "original," tube 1, 
is sometimes substituted by a tul)e containing normal 
salt solution (0.6 to 0.7 j>er ci»nt. of scnlium chloride 
in water), which is thrown aside as soon as the dilu- 
titnis are completed and only plates or tul)es 2 and 3 
are made. 



1 The iinpre&sion that agar-agar is not suitable for roll tubes was shown to 
be erroneous, and the above method was developed in the Pathological 
Uiboratory of the Johns Hopkins University. 



CHAPTER VIII. 

The ioculMiting oven— Gas-pressure regulator— Thermoregulator— The 
safety burner employed in heating the incubator. 

The Inoubatok. — When the plates have been made, 
it must he borne in mind that for tlie development of 
certain forms of bactiTia a higher temjxn'ature is neces- 
sary than for the growth of others. The pathogenic 
or disease-producing organisms all grow more luxuri- 
antly at the temperature of the human body (37.5° C.) 
than at lower tem|)eratures ; whereas, with the ordi- 
nary saprophytic forms almost any temperature l>etween 
18° C. and that of the IxkIv is favorable. It therefore 
becomes nect^ssary to provide some place in which a 
constant temiwrature suitable to the growth of the 
pathogenic organisms (»au be maintained. For tliis 
purpose there have Ihkmi devised a number of different 
forms of apparatus. Fundamentally they are all bas(Hl 
u|)on the same principles, however, and a general de- 
scription of the essential points involved in their con- 
struction will l)e all that is needed here. 

This apparatus has the names thermostat, incubator, 
and bnKxling oven. It is a copper chamber (Fig. 2()) 
with double walls, the space l)etween which is filled 
with water. The incubating chamber may 1k» opened 
or closed by a closely fitting double d<MU', inside of 
which is usually a false door of glass through which the 
contents of the chamber may be inspected without 
actually opening it. The whole aj)panitus is encased 



112 



lACTERIOl.OGV. 



in eitlior aslxistos lioardH or tliick felt to prevent nwHa- 
tiiiii of litttt auil consoquent fliiotiiatiotiR in tempt'ratiiiT. 
In thi' top of liip chamiier is a hniuII niii'ninj; tlirnnfili 



I 




wliicli a thermometer projeclw into its intcrinr. At 
either (X}riier, leading into the apni* i-ontuiniog tlic 
water, ari' other <>|>enings tor tlie n-eeption of another 
thermometer and a thermo-i-egnlator, and for refilling the 
sppsratns as the water evai^orates. On the .-^ide is a 
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vrater^auge for showing tlic level of the water between 
tJie walla. Tlie objoot of the water ohanil)er, which is 
formed by the double wall arraiigemeat, is to insure, by 
means of the warm«I water, an e<{iiablc tcmiKTatnre at 
all {arts of the apjiaratim — at the top as well as at the 
sides, baek, and liottoni, and the appanitiis should be 
kc])t filled with water, otherwise the purpose for whicb 
it ia eonotrncte*! will not be awomplishetl. When the 
chamber between the walls is filled with water heat is 
supplied from a gas-flame i>IaTOd l;eneath it. 




The burner eni]i 
originany di'visiHl by K(m;Ii 
safety bnrnpr" (Fiji- -')■ 
v-idod with uti arnuijrt'im'i 



hwitiiig the 



iK'iiUitor was 
1 as " KcHh's 
Hiiiiseii imrniT pro- 
iitiiniatically turning 



off the gas siii)ply and thns prevenliuj; accidents should 
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the flame become extingiilshed at a time wlien no o 
wiis near. The gas-eock by whicli the gas is turned on" 
hikI 'iff is provided with a long arm which is weighted 
unil wliirh, when the gas is tnruod on and burning, rests 
\i\y>\\ llii- side of a. revolving, horizontal plat« that is 
connwtiHl with the free ends of two metal spirals which 
are fixed in opposite directions on either side of the 
flame and heated by it. Jf by draughts or any other 
accident the flame becomes extinguished the metal 
spirals (no), and in cooling contract, twtst the horizontal 
plat« in the opposite diret^tion and allow the weighted 
arm of the gas-cock to fall. By its falling the gaa^M 
supply is turned off. 

TtiERMO-itEnuLATOits. — The regulation and maint«- ' 
nance of the proper temperature within the incubator 
is accomplished by the einployment of an automatic 
th or mo-regn 1 ato r. 

The form of thcrmu -regulator used for this piirp< 
is (Mnstmctcil U|Km principles involving the expauaioild 
and contraction of finid substances under the influence 
of hc«t and cold. By means of this expansion and 
ivjntraction, the amount of gas passing from the source 
of supply \n the burner may be either diminished orl 
increa-sc-d as the tcm]x!rature of the substance in whid 
the regulator in plai^-d either rises or falls. 

The wiLnplest form of thermo-regiilator which aervi 
to ilbistniie the principles involved is seen in Fig. S 

ll <'iiiisists of a glass cylinder e, having a uommuDi-l 
i«ting liranch Inbe b, and rubber stoppiT /, tlirouglfl 
which projecte the l)cnt tube a. The tut)e a is grouiKl><F 
to a slanting point at the extremity which projects into J 
the tul)e e, and is provided a short distance above thisj 
|M>tat with a capillary o\)e.n\a^g, in one of its sides. 
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When ready for use the evHndcr e is filled with fluid, 
either merciirv, calcium chloride solution, alcohol and 
ether, or a numl)er of other substances dejiending ujhhi 
the teni[K?rature to which it is to Ik? suhjcctc<l, up to 
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Mercurial thunmi-rcgulator. 

alnmt the level shown in the tljrurc. It is then allowc<l 
to stand or is sus|HMidc<l in the hath the tein|><'rature of 
which it is to rejrnlate. The ruhlnT tuhinjr coniinj:: 
from the ^as suj)|)ly is attaeh^nl to the out<T end of the 
gla88 tulK» f/, and the tulw jr(»ing tt» the hurner is sli|)|MH^l 
over the hranch tuln* b. The gas is turnnl on and the 
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burner lightwl iiud placed under the bath. The ^bbA 
now stream.'; tliron^;h the tul)e a into the eylinder e and '1 
out at 6 to the burner, but as the tcmi»eratnre of the 
l)ath rises, tlie Huid contained in the cylinder e, under 
the influence of the elevation of tem|»rature Ix-gins to 
e\[iaad, and as a i^)ntinuou» rise in tempontture pro-Jj 
Mt-d.s, the expansion iif the fluid au'onipanics it andfl 
gradually closes the slanting ojK^ning h of tube a. Inn 
this way the supply of gas becomes diminished and 
the rise in temperature of the bath will be less rapid, 
until tiually the opening at A will I* closed entirely, 
when the supply of gas to the burner will now bsJ 
limited to that passing thnnigh the capillary openings 
(f. This is not sufficient to maintain the highest tem 
jrerature reached, and a gradual eoutractiou of the flutd 
now occurs until there is again an outflow of gas fron 
the o[K'uing A, when again the temperature rises. Thffl 
oiintraction and GX[Htnaii}n of the fluid in the regulate 
eontioucs until eventually a point is reached at whioll 
the position of the fluid in the cylinder e allows of t 
jtassage of just encingh gas from the opening A ' 
inaintaiu a constant temperature. This, in short, i 
principle on which tliernio-n^ulators are construct 
but it must be borne in mind that a gn-at deal of del 
exists in the construction of an accurate instrumcafij 
The number of dilfiTeut forms of this apiiaratus i 
(somjianitivcly liup.', and each form has i 
merits. 

The value, that is the delitaiey, of the the 
regulator depends u|Hm a uunilicr of factors, all ( 
which it would be useless to intnuluee into a book < 
this kind, but in general it may be said that the e 
tial [loinis to be observed in selecting a thcrmo-regulatc 
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depend in the main upon the teini>eniture? to which it 
is to be applied. For low torn j>e rati ires such fluids as 
ether, alcohol, and calcium chloride solution, which ex- 
pand and contract rapidly and regularly iinder slight 
variations in temperature, are commonly employed ; 
whereas for temi)cnitures approaching tlio boiling-point 
of water mercury is most fnxiuently used. 




The ti-niiR-ratiirc of the iiiciilialor is to Ik- rcfiuljiri-fi, 
then, by the use of hokic «iich form of :i]i))iir:ittis jis that 
just deBcrilK-d. It should Ik' of sutlii-icut ilelicacy to 
prevent a fluctuation of more lliiin (Vl° ('. in the tcm- 
jterature of the air within ()«■ cliiiniluT of the iip|i]ir:itus. 

(lAS-l'liKAsruK !{(■>; 11, A nuts. — A fiJis-pressnrc regu- 
lator is not nin-ly intcivcuetl iHtween tin- gas supply 
and the thermo-n'giilator. Tins iipiKinitus has (or its 
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object the maintenance of a constant pressure of the gas 
going to the thermo-regulator. There are several in- 
struments of this form in use, but they do not accom- 
plish the object for which they are designed. 

The instrument most commonly employed, the appa- 
ratus of Moitessier (Fig. 29), is based on somewhat the 
same jirinciples as the large regulat<^>rs sc^n at the 
manufactories of illuminating gas, which act very well 
when employed on the large scale, as one sees them 
there; but which, when applied to the limited and 
sudden fluctuations seen in the gas coming from an 
ordinary gas-cock, are pracitically useless. They are 
too gross in their construction, and are only seen to act 
under comparatively great and gradual fluctuations in 
pressure. If a good form of thermo-regulator is em- 
ployed tliere is no necessity for the use of any of the 
forms of pressure-regulators thus far introduced. 



CHAPTER IX. 



The study of colonies— Their nakcd-eyc (leciiliaritics and their appearance 
under different conditions— Differences in the stnicture of colonics from 
diflbrent species of bacteria— Stab cultures— Slant cultures. 



THEplatea mnm agtir-ajj^ir which have lH»en j)n*j)arcd 
from a mixture of orjCtini.^m-^ and have Int'ii phwinl in 
the incubator, and those of gelatin whicli liave In^en 
maintained at the ordinary t4»ini)eraturt^ of the room, are 
usually ready for examination afVer twenty-four to 
forty-eight hours. They will be foun<l to \yo marke<I 
here and there by small jmints or little islands of more 
or less opacjue ai>jK»aninee. In some instances these 
will \ye so tmnsparent that it is with difficulty erne can 
sec them with the nakcnl eve. Ajr*uu, thev mav 1k» of 
a dense opatpie apjK'arance, at one time sharply cin*um- 
»eril)ed and round, again irregular in their outline ; 
here a jxnnt will present (uie color, there |H'rhaps 
another. On gelatin some of the |)oints will 1k» sch'Ii to 
Ik? lying on the surface of the mcHlium, others will have 
sunk into little de|)ressions, while at still other [xiints 
the ek»ar gelatin will Ik* marktMl by more or less siuuvr- 
shape pits cMmtaining opaque fluid. 

Place the i)late containing these points ujK)n the stage 
of the microseo|M> and examine them with the lowest 
j)Ower objective, and again differen<'es will be obs(»rve<l. 
Some of these* minut<' |M>ints will be finely gninular, 
others coarsely so ; some will present a nidiatc<l ap]x*ar- 
anee, while a neighbor may be <'onccnlrically arranginl. 
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Here nothing particularly characteristic will present, 
there the point may resolve itself into a little mass hav- 
ing somewhat the appearance of a very small pellicle of 
raw cotton. All these differences, and many more, aid 
us in saying that these little points must be different 
in their nature. With a pointed platinum needle take 
up a bit of one of these little islands, prepare it for 
microscopic examination (see chapter on stained cover- 
slip preparations), and examine it under the high power 
oil-immersion objective, under access of the greatest 
amount of light afforded by the illuminator of the 
microscope. The preparation will be seen to be made 
up entirely of bodies of the same shape ; they will all 
be spheres, or ovals, or n>ds, but not a mixture of these 
forms, if i>roi)cr care in the manipulation has been 
taken. Examine in the same way a neighboring s}X)t 
wliich poss(»sses different naked-eye appearances, and it 
will ofk'ii be found to consist of bodies of an entirely 
different api>earance from those in the first [>reparation. 

These sjKjts or islands on the surface of the plates are 
colonics of l)a(^teria, differing severally, not only in out- 
ward ap|)caran(»es, the one from the other, but, as our 
cover-slip prei)aratious show, in the morphologicid char- 
acteristics of the individual organisms comjiosing them. 
If from one of these (»olouics a second set of plates l)e 
prepare<l, the peculiarities which were at first observed 
iu this colony will l)c reproduced in all of the new set 
of colonics which dcvclo}> ; each will Ikj found to con- 
sist of the siunc organisms as the colony from which the 
plates were nuidc. In other words, th(\se j>eculiarities 
an? constant under constant conditions. 

With all orgjinisnis differences in the ap|)earanw of 
the colonies depending upon their IcH'iition in the miK^lium 
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can usually be detected. "When deep down in the 
medium^ owing to surrounding pressure, they are quite 
round^ oval, or lozenge-shape ; whereas, when they are 
on the surface of the gelatin or agar, they may take 
quite a different form. This is purely a mechanical 
effect, and is always to be borne in mind, otherwise 
errors are apt to arise. 

Pure CiiiiTURES. — If from one of these small colonies 
a bit be taken upon the point of a sterilized platinum 
needle and introduced into a tul)c of sterilized gelatin 
or agar-agar^ the growth tliat results will l)c what is 
known as a " pure culture," tlie condition in which all 
oi^nisms must be Inifore a systematic study of their 
many j)eculiaritics is begun. Sometimes several scries 
of plates are necessary l)efore the orgtinism <tui Ik» ob- 
tained pure, but by patiently following this plan the 
results will ultimately Ikj satisfactory. 

Test-tube CuLTuuhis; Stab Crr/rrRF>4; Smkar 
Cultures. — After scpaniting the organisms, the one 
from the other by the plate method just dcscribcHl, they 
must 1)C isolated from the plates as pure stab or smear 
culturt»s. 

This is done in the following way : PtK'ide upon the 
colony from which the pure culture is to Ik» made. 
Sele(?t prefenibly a small colony and one as widely sej)- 
arated fn)m other colonics as possible. Sterilize in the 
gas-flame a straight platinum-wire n(HMllc. The glass 
handle of the neiHllc should be drawn through the flame 
as well as the neiMlle itself, otherwisi^* <M>utamination 
fn>m this sourc(» mav o<*cur. When it is <'ool, which is 
in five or ten secon<ls, take up <*areiiilly a portion of the 
colony. (luanl against touching anifihing hut the colony. 
If, during mani))ulation, tlu* uee<lle touches anythim/ 
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else whatever than the colony from which the culture is 
to be made, it must be sterilized again. This holds not 
only for the time before touching the colony, but also 
during its passage into the test-tube from the colony, 
otherwise there is no guarantee tliat the growth resulting 
from the inoculation of this bit of colony into a fresh 
sterile medium will be pure. 

In the meantime have in the other hand a test-tube 
of sterile medium : gelatin, agar-agar, or potato. This 
tube is held across the palm of the hand in an almost 
horizontal jwsition with its mouth i)ointing out between 
the thumb and index finger and its contents toward the 
body of the worker. With the disengaged fingers of 
the hand holding the needle, the cotton plug is removed 
from the tube by a twisting motion and placed between 
the index and second fingers of the hand holding the 
tul>e in such a way that the portion of the plug which 
fits into the mouth of the tcst-tul)e looks toward the 
dorsal surfiu^e of the hand and does not touch any portion 
of the hand — this is accomplisheil by placing only the 
overhanging j)<)rtion of the })lug lx»twei»n tlie fingers. 
The neeillc containing the bit of colony is now to be 
thrust into the medium in tlie tube if a stab culture is 
dcsirtKl, or rubbed gently over its surface if a smear 
culture is to be made. The nceillc is then withdrawn, 
the c'otton i>lug re})lacecl, and the needle sterilized l)efore 
it is laid down. Xcitlicr the needle nor its handle 
should touch the inner sides of the test-tul)e if it can be 
avoidcKl. 

The tube is then lal>elled and set aside for obsiTva- 
tion. The jijrowth wliich appears in the tube after 
tw(Mity-fonr to thirty-six houi's will he a pure culture 
of the organisms of which the colony wjis composeil. 
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Cultures of this form are not only useful as a means 
of preserving pure cultures of the different organisms 
with which we may be working, but serve also to bring 
out certain characteristics of different organisms when 
grown in this way. 

If gelatin is employed and the organism which has 
been introduced into it {wsscsses the j)ower of bringing 
about liquefac^tion, this result is by no means of the same 
appearance for all organisms. Some organisms cause a 
liquefaction which s])r(>ads across the whole up[>er sur- 
face of the gt^latin and continues gradually downward; 
again it occurs in a funnel shajx?, the broad end of the 
funnel iKung upi)ermost and the point downwanl, corre- 
sponding to the track of the nc»edle. At times a stock- 
ing- or sac-formwl li([Ucfaction may be noticed. 

N()TK. — Obtiiin a number of organisms from different 
sources in pure culturt»s by the method given. Plant 
them as pure cultures, all at tlie same tim(», in gelatin 
— preferably gelatin of the same making — retain them 
under the same c'onditions of temjK»nitun», and sketch 
the finer difference's in the way in which liquefaction 
occurs. 



CHAPTER X. 

MetHods of staining— Solutions employed— Preparation and staining of 
coTer-slipe— Preparation of tissues for section-cutting— Staining of tissues- 
Special staining methods. 

The entire list of solutions and methods that are 
recommended for the staining of bacteria are not essen- 
tial to the work of the beginner, so that only those 
which are of most common application will be given in 
tliis book. In general, it suffices to say, l)acteria stain 
best with watery solutions of the basic aniline dyes, 
and of these, fuchsin, gentian-violet, and methylene- 
blue are those most frequently employed. 

In pnictical work bacteria rec|uire to be stained in 
two conditions : either dried upon cover-slii>s and then 
staincil, or stained in sections of tissues in which thev 
have l>een deiK)sitcil during the course of disease. In 
both processes the essential ])ointto be Iwrne in mind is 
that tlie l)acteria, l>ecause of their microscoi)ic dimen- 
sions, ref[uire to be more conspicuously stained than 
the surrounding materials upon the cover-slips or in 
the se(!tions, otherwise their differentiation is a matter 
of the greatest difficulty, if not of im[X)ssibilitv. For 
this reason, especially in the case of section staining, it 
fre(|uently becomes necessary to decolorize the tissues 
after removing them from the staining solutions in 
order to Hinder the bacteria more prominent; and for 
this purpose special mcthcHls, which pr()vi<le for decolor- 
i/ation of the tissues without robbing the bacteria of 
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their color, are employed. The ordinary method of 
cover-slip examination of bacteria, constantly in use in 
these studies, is performed in the following way : 

Cover-slip Preparations. — In order that the dis- 
tribution of the organisms ii|)on the cover slij)s may l>c 
uniform and in as thin a layer as possible, it is csstMitial 
that tlie slip should be clean and free from greiise. 
For cleansing the slips several metluKls may be em- 
ployed. 

The simplest plan with new cover-slips is to im- 
merse them for a few hours in strong nitric acid, after 
which they are rinsed in water, then in alcohol, ether, 
and, finally, they may be kept in alcohol to whic^h a 
little ammonia has l)een added. When thcv are to be 
used they should be wii)ed dry with a clean cotton or 
silk handkerchief. 

If the slips have l)een previously used, boiling in 
strong soap solution, followed by rinsing in clean warm 
water, then treated as above, renders them clean enough 
for ordinary pur|>oses. 

A method commonlv enn)lov<'<l is to remove all 

* I * 

coarse adherent matter from sli})s and slides by allowing 
them to remain for a time in strong nitric or sulphuric 
acid. Thev are removed from the a<*id {\\\vv several 
days, rinsed off in water, and treate<l as alM>ve. Knauer 
has recently suggi^steil the lM>iling of soiled cover slips 
and slides for from tweiitv to thirtv minutes in a 10 per 
cent, waterv solution of Ivsol, after which thev are to 1k' 
curefully rinsed in water until all tniee of the lysol has 
disapixsired. They are then to l)e wipinl dry with a 
clean handkerchief. 

Ijoffler's method, which ])rovi(les for the complete 
n^moval of all grease, is to warm the cover-slips in con- 
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wntraU'd milplmrk- add for a time, then rinw? them in 
wat^r, after which they are kept in a mixture ofefjiial 
parts of alcohol and amnniiita. They are to Ik dried 
on a cloth fnini which the fat has Iwen extracted. 

Steps in making the jireparationit. Place upon the 
centre of one of the clean, dry cover-Hlijis a very email 
drop of di^itilled water or physiologiral salt ^lutiou. 
With a platinum needle, which has been sterilized in 
the (ras-flauic _;'(«? before uxing and allowed to cool, take 
up a very small portion of the colony to b<> examined 
and mix it mrcfully with tlic drop on the slip until 
there exists a very thin homogeneous film over the 
larger part of the surface. This is to \k dried Ujwu 
the slip by either allowing it to remain Ujwn the table 
in the hori/xintal ]Kisition under a cover, to protect it 
from dust, or by holding it belween the. fingers (»ioi with 
the /orcepit), at some distance above the g-.is-flamc, until 
it is (piitc dry. If held with the forceps over tlic flame 
at this stage, too much heat may be iiucouficioualy applied, 
am! the raorphoh^y of the oi^nisms in the preparation 
distorted. Wlien held between the fingers with the 
layer of bacteria nway from the flame no such accident 
is likely to ow^ur. When the whole pellicle is com- 
pletely dried the slip is to be taken up with the forceps, 
and, holding the side upon which the bacteria arc de- 

L]>osited away from the dinnt action of the flame, is to 
l>e |)asscd through the flauic three times, a little more 
than one sectind iK'injr allowed for taeh transit. Uiileiw 
the preliminary drying at tlie low tem|M-rattire has been 
I'omplete, the pregtamtioii will Ite rendered worthless by 
the subswiiient "fixing" at the iiigher tem|>eratiire, for 
the reason tliat the protoplasm of bacteria when moist 
(\>agulates at tiieiw tumpemtures, and in doing so the 
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normal outline of the cells is altered. If carefully 
dried before fixing, this does not occur and the mor- 
phology of the organism remains unchanged. A I>etter 
plan for the proc(»8S of fixing is to employ a ('oi>}xt 
plate of alK)ut 35 cm. long by 10 cm. wide by 0.*5 cm. 
thick. This plate is laid u[)on an iron tripod and a 
small gas-flame is placed beneath one of its extremities. 
By this arrangement one ran get a graduated tempera- 
ture, beginning at the point of the plate above the gas- 
flame where it is hottest, and becoming gradually cooler 
toward the other end of the plate, which may be of a 
very low tem|>erature. By dn>pping water upon the 
plate, beginning at the hottest point and proceeding to- 
ward the cooler end, it is aisy to determine the ynnnt 
at which the w^ater just IxyiU; it is at a little l)elow this 
point that the cover-slij)s are to 1k» ])laced, bacteria side 
up, and allowt^J to n^main al)out ten minutes, when the 
fixing will lx» (complete. The same may b(»acconi|)lish(Kl 
in a small cop|H»r drying oven, whi<'h is regulated to 
remain at the teni|)crature of 95° to 98° C. In very 
I>articular work this |)lan is to l)e ]>referrwl to the pro- 
cess of passing tlie cover-slips through the flame, as the 
organisms are always subjwteil to the same degrtn? of 
heat, and the distortions which sometimes cKvur fn)m 
the too great and irregular application of high t^'Ui- 
|K»ratun'S may in ])art Ik* eliminated, or if not, will Ih» 
more nearly constant. The fixing consists in drying or 
coagulating the gelatinous cnvel<»|K» surrounding the 
organisms, by which means they are cjuisiMl to a<lhere 
to the surface of the cover-slip. When fixinl, the stain- 
ing is usually a simple matter. The majc»rity of l)ac- 
U*ria with which the beginner will have to deal stain 
readilv with solutions of anv of the basic aniline dves. 
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To Rtain tlic fixed eover-sli]) prejtaration it is takwfl 
by one of its tdges botwtwn tlip forwps, and a fewl 
drops of a waterv solutiuu of fiiclisin, gt^titian-violetfM 
or methylene-bliie are placwl ti[x>n tlie film and aeel 
allowed to remain tht-re twenty to tliirtvsecnuds, Thel 
ulip is tlien cnrefiiUy rinsed in wat^r, and witliout dry-J 
ing in placed biicleHa down npou a slide ; the excess c 
water is taken up bv eoveriug it with blotting-pap^l 
and gently pressing iijM^n it, and the preparatio 
ready tor examination. 

Aniitlu-r plan that is sometimes nsed is to bring the 
slip npon the slide, bacteria 'lown, without rinsing off 
the staining fluid ; the excess of fluid is removed with 
blotting-paper and the preparation is ready for examina- 
tion with the microscope. Thts mcthiNl is satisfactory 
and time-saving, hut must always be practised with 
care. The staining fluid should always be carefully 
filt4.'red before using, to rid it of insoluble particles 
which might mislead the examiner into mistaking them 
for bacteria. If u|>on examination the preparation 
proves to be of iiartienlar interGi<t, so that it is dcsimbla 
to preserve it, then it is to be moimted peminnently.J 
The drop of imniereion oil is to lie removed from tbt 
surfiiee of the aliji with blotting-paper, and tlie slip^ 
loosened, or rather floated, from the slide by ullowiof 
water to flow aroimd it^ edgi-s. It Is then taken up[ 
with the llirceps, wircfully doprivwl of the waU^r adhei 
ing to it by means of blotting-i>a|)er, and then allow«d4 
to dry. When dry it is mounted in xylol-Canad* 
Imlsam by placing a small drop of the balsam upoiuj 
the surface of the titm, and then inverting the slip upoa'J 
a eleau glasA slide. It is sometimes desirable to have | 
tlie balsam harden quickly, and a method that is com> 
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monly employed to iiulucc this is as follows : The slide, 
held by one of its ends between the fingers, is warmed 
over the gas-flame until quite hot ; a drop of balsam is 
then placed on the centre of it, and it is again warmed ; 
the cover-slip is then placed in position, and when the 
balsam is evenly distributed the tem[)erature is rapidly 
reduced by rubbing the bottom of the slide with a 
towel soaked in cold water. Usually the prei)aration 
is firmly fixed after this treatment ; but a little pra(*tice 
is necessary in order not to overheat and not to crack 
the slide. The method is applicable only to c»ver-slip 
preparations and cannot be used with tissues. 

Impri-^sion Cover-slip Preparations. — The im- 
pression preparations differ in value from the ordinary 
cover-slip pr(»])arations only in one respe<'t : they pre- 
S(»nt an impn'ssion of the organisms as tliey were ar- 
rangtKl in the colony from wliich the pr€»]>anition is 
made. They are made by gently covering the colony 
with a thin, clean cover-slip, lightly pressing uj>on it, 
and, without moving tlie slip laterally, lifting it uj) by 
one of its cnlgi^s. The organisms adhere to the slip in 
the same relation to one anotlier that thev had in the 
ci)lony. The subsetpient steps of drying, fixing, stain- 
ing, and mounting an» the s:ime as those just given for 
the onlinary cover-slip ])re])anitions. 

By this metluMl, coustancit^s in the arrangc^ment and 
grouping of tlie individuals in a colony «ui often 1k» 
made out. Some will always a})i)ear irn^gularly masscnl 
together, others will grow in panillel bundU^s, while 
others, again, will l)e s(»en as long twisteil thnwls. 

The OuDixAitv Staimxi; Soi.rTioNs. — The solu- 
tions commonly cinploytHl in staining n>ver-slip pn»pa- 
rations are, as has lx?en stated, watery solutions of the 
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basic aniliue dyes — fuclisiD, gentiuu-violet, aiid niPthy'^ 
leiic-bluf. These solutions may be j»rei»are<I either by" 
diretdy dia'iolving the dyes in substance in water until 
the prt>|K>r decree of concentration has been reaoJied, or 
by prejiaring them from conct-ntrated watery or alco- 
holie solutions of tho dyc^ wliii^h may ite kopt on haDdv 
as atxK'k. Tlic luttiT lucthml is that aiiumonly 
tieetl. 

The solntions of the eolors wliirh are in constant \im\ 
in staining are prcjiared as followed : 

Prei>are as stock, satiirat^l alcoholic or watery solu- 
tions of fiKihsin, gentian-violet, and methylene- blue. 
These solutions are Ixst prepared by pouring into flean 
bottles enough of the dyes in substance to fill them to 
about one-tburth of their capat^ity. The bottle should 
then be filled with alcohol or with water, tightly corked, 
well shaken, and allowed to stand for twenty-four hours. 
If at the end of this time all tho staining material has 
l>een dissolved, more should be added, the bottle l:)eing 
again shaken, and allowed to stand for anotlier twenty- 
four hours; this muat be repeated until a i>ermBueDtJ^ 
sediment of uudinsulveil coloring matter is seen upoo " 
the Iwttom of the Iwttle. This will then l)e lalielled 
saturated alcoholic or watery solution of fuchsiu, gen- 
tian-violet, or metliylene-blue, as the case may l»e. 
Theae alcoholic solutions nre not employrd for staining 
purposes. 

The solutions with which the staining is actximplished 
are made from these alcoholic solutions in the follow*^ 
ing way : 

An ordinary teat-tube of about 13 mm. diameter h; 
three- fourtlia filled with distilled water and the eonoen-J 
trated alcoholic or wuterv solution of the dve is thoiil 
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added, little by little, until one vaa just see through the 
solution. It is then ready for use. Care must be 
taken that the color does not Iteoome too dense. The 
best results are obtainiHl when it is jwA transparent as 
viewe<l through n layer of alxint 12 to 14 mm. thk-k. 

TJiese represent tlio stiiinin;; »olutionH in everyday 
use. They are kej>t in Ix>ttle9 anpi)lied with stoj>pers 
and pi|)i<tteH (Fig. ;M)), and when nscd an^ dropped iijwn 
the prepamtiou to )>e stuinotl. After n^maining upon 
the pre])aratian for from twenty t4i tldrty socondrt, tlicy 
are washed ofi' in water and tlie preiraration ran then 
be examined. 




For certuin Iwrtcria whirh stain oidy iiiiijcrfi^-tly 
with theae simple solutions it is nweswiry to employ 
some agent that will iniTciise the jM-netrjitiug action of 
tlie dyes. KKjKTienec has taiigtit lis tliat tills eaii Ik- 
aeetmiplishe*] by the addition to the solutions of stiiall 
quantities of alkaline snbstamx's or by dissolving the 
staining materials in slnmg watery solutions i>f either 
aniline oil or ('«rboli<' aiid, iiistciid of simple water — in 
other words, by employing mordants with the stains. 

Of tlio Sdbilions tlin.t pre{mn>d whieh may always U' 
enijihmii n|Miii l>ai-terlti that show a lendeney to stuin 
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imperfectly, tliere are three in common use* — L<)ffler's 
alkaline mcthylene-blue solution, the Koch-Ehrlich ani- 
line-water solution of either fuchsin, gentian- violet, or 
methvlenc-bhie, and Ziehl's solution of fuchsin in car- 
bolic acid. These solutions are as follows : 
Loffler's alkaline methytene-blue solution : 

Concentrated alcoholic solution of metbylene-blue . 80 c.c. 
Caustic potash in 1 : 10,000 solution . .100 c.c. 

Koch-Ehrlich aniline-water solutions. To about 100 
C.C. of distilled water aniline oil is added, drop by drop, 
and the solution thoroughly shaken after each addition, 
until it is of an opaque appearance. It is then filtered 
through moistened filter-paper until the filtrate is per- 
fectly clear. To 100 c.c. of the clear filtrate add 10 c.c. 
of absolute alcohol and 1 1 c.c. of the concentrdtetl al- 
(H)holic solution of either fuchsin, methylene-blue, or 
gentian-violet, preferably fuchsin or gentian-violet. 

Ziehrs carbolic-fuchsin solution : 

Distilled water 100 c.c. 

('arbolic acid (cr>'Htalline) 5 grammes. 

Alcohol lOcc. 

Fuchsin in substance 1 gramme. 

Or it may Ikj preparwl by adding to a 5 per cx?nt. 
watery solution of c«rl)olic acid the saturateil alcoholic 
solution of fuchsin until a metallic lustre appears on the 
surface of the fluid. 

l^>th the KcK'h-Elirlich and the Ziehl solutions 
dtH^*<)mposi; after having l)een made for a time ; par- 
ticularly is this the case with the former, so that it is 
Ix'tUT to prepare them when needwl in small quantities 
than to employ old solutions. Solutions older than 
fourteen (lavs should not be used. 

The three solutions just given may be used for eover- 
glas.s preparations in the onlinary way. 
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In some manipulations it becomes necessary to stain 
the bacteria very intensely, so that they may retain their 
color when exiK)sed to the action of decolorizing agents. 
These methods are usually employed for the puq)ose of 
depriving surroimding objects or tissues of their color in 
order that the stained bacteria may stand out in greater 
contrast. It is in these cases that the staining solu- 
tion with which the bacteria are l)eing treated is to be 
warmed, and in some cases l)oiled, so as to further 
increase its penetrating action. When so treated, cer- 
tain of the bacteria will retain their color, even when 
exposed to very strong decolorizers. The tubercle 
l)acillus is characterized from all other bacteria, except 
the bacillus of leprosy, by the tenacity with which it 
retains its color when treated in this way. It is an 
organism that is difficult to stain, but when once stained 
is equally difficult to rob of its color. 

Method OF SxAiNiNCi the Tubercle Bacillus. — 
Select from the sputum of a tuberculous subject one of 
the small, white, cheesy massc»s which it is seen to c»on- 
tain. Spread this upon a cover-slip and dry and fix 
it in the usual way. The slip is now to Ikj taken by 
its edge with the forceps and the film covered with a 
few drops of either the solution of Koch-Khrlich or of 
Ziehl. It is then held over the gas-flame, at first some 
distance away, gradually being brought nearer, until the 
fluid l)egins to l>oiI. After it has bubblwl up once or 
twice it is removed from the flame, the excess of stain- 
ing washed away in a streiim of water, and it is then 
immersed in a 30 |)er cent, solution of nitric acid in 
water and allowwl to n^main there until all the color 
has disapjH^ared. In some ais(»s this takes longcT than 
in others. One can always determine if dccolorization 

7 
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ia complete hj- washing off the acid in a stream of water. 
If the prejtaratioii is still quite coIore<l it alionld be again 
imnieraed in the ai'itl ; it' of only a very faint color it 
may be dipped iu ak^liol, iignin washed ofl' in wat^r, and 
may now be stained with some contrast color. If, for 
example, the tubercle bacilli have been stained with 
fiiclisin, iiiethylene-bliie forms a good contrast stain, lu 
making the coutra.st stain the steps in the process are 
exactly those followed in the ordinary staining of cover- 
slip preparations in general : the slip ctjntaiuing the 
stained Inberele bacilli ia rinsed off carefully in water 
and a few drops of the methylene-bliie solution are 
placed u[>on it and allowed to remain for thirty to forty 
seconds, when it is again rinsed in water and examined 
microscopically. For the purpose of observiDg the 
difference between the behavior of the tubercle bacilli 
and the other organisms present iu the preparation 
toward this method of staining, it is well to examine 
the preparation microscopically before the contrast stain 
is made, then i-emove it, give it the contrast color, and 
examine it again. It will Ik? seen that before the con- 
trast color has been given to the preparation the 
tubercle bm'illi will l>e the only stained objects to be 
made out, and tlie prejMiration will appear devoid ot 
other organisms, but npon examining it after it has 
received the contrast color, a great many other or- 
ganisms will now appear; these will take on the second 
color employed, white the tuljcnle bacilli will retain 
their original color. Before decolorizat ion all organisms 
in the preparation were of the same color, but during the 
application of tiic <Ieoolorizing solution all except the 
;uberc.le bacilli gave up their color. This chantctcriBtic, 
IS said, serves to differentiate the tul>en;Ie bacillus from 
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other organisms with which it might be confounded. 
A number of diflFerent methods have been suggested 
for the staining of tubercle bacilli, but the original 
method as employed by Koch is so satisfactory in 
its results that it is not advisable to substitute others 
for it. The above differs from the original Koch- 
Ehrlich method for the staining of tubercle bacilli in 
sputum only in the occasional employment of Ziehl's 
carbolic-fuchsin solution and in the method of heating 
the preparation with the staining fluid upon it. 

As Nuttall has pointed out, however, the strong acid 
decolorizer used in this method can be with advantage 
replaced by much more dilute solutions, as a certain 
number of the bacilli are entirely decolorized by the 
too energetic action of the strong acids. He recom- 
mends the following method of decolorization : After 
staining the slip or section in the usual way, pass it 
through three alcohols ; it is then to be washed out in a 
solution composed of 

Water 150 c.c. 

Aloobol 50 c.c. 

Oonoen. Bulpharic add 20 to 30 drops. 

From this they are removed to water and carefully 
rinsed. The remaining steps in the process are the 
same as those given in the other methods. 

Gabhett's Mkthod for the staining of tul)ercle 
l)acilli recommends itself bw^use of its simplicity and 
the rajudity with which it can be performed. By 
many it is considered the best method for routine 
employment. It consists in staining the cover-slips, 
prepared in the manner given, for from two to five 
minutes in a cold carbolic-fuchsin solution, after which 
they are subjected to the action of Gabbett's methy- 
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lene-blue sulphuric acid solution. This latter con- 
sists of 

Sulphuric acid, strength 25 per cent. . . . 100 c.c. 
Methylene-blue, in Buhstance .... 1 to 2 grammes. 

They are then rinsed off in water and are ready for 
examination. The tubercle bacilli will be stained red 
by the fuchsin, while all other bacteria, cell nuclei, etc., 
will be tinted blue. 

Gram's Method. — Another differential method of 
staining which is very commonly employed is that 
known as Gram's method. In this method the objects 
to be stained are treated with an aniline-water solution 
of gentian- violet made after the formula of Koch- 
Ehrlich. Afl«r remaining in this for twenty to thirty 
minutes they are immersed in an iodine solution com- 
posed of 

Iodine 1 gramme. 

Potassium iodide 2 grammes. 

Distilled water 300 c.c 

In this they remain for alx)ut five minutes ; they are 
then tninsferred to alcohol and thoroughly rinsed. If 
they are still of a violet color they are again treated 
with the icxliue solution followed by alcohol, and this is 
continued until no trace of violet cx)lor is visible to the 
naked eye. They may then Ixi examined, or a contnist 
color oi* carmine or Bismarck-brown may be given 
them. 

This method is particuhirly useful in demonstrating 
the capsule which is siHiii to surround some bacteria, 
pui'ticulai'ly the inicrococx^'us laiu^eolatus of pneumonia. 

(Jr.AciAi. AcKTic A('ii) Method. — Another method 
which may be emplovtHl for demonstmtiug the presence 
of the capsule surrounding eertiiin organisms, is to 
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prepare the cover-slips in the ortUnary way, then cover 
the layer of bacteria upon them with glacial acetic atnd, 
which is instantly jx)urecl off (not washed off in water), 
and the aniline-water gentian-violet solution dropj>ed 
upon them ; this is allowed to remain three or four 
minutes, is j)oured off, and a few drops more are add(^, 
and lastly the slip is wjished off in water. A very clear, 
8har})ly-cut picture usually follows this method of pro- 
cedure. 

Staining of Spores. — We have learned that one of 
the points by which spores may be recognized is their 
refusal to take up staining substances when applies! in 
the ordinary way. They may, however, l>e stained by 
special methods ; of these one that has given very satis- 
factorv results in our hands is as follows : The cover- 
slip is to be prepared from the material containing the 
si)ores in the ordinary way, dried, and fixed. It is then 
to be held by its edge with the forceps, and its surface 
covered with Loffler's alkaline methvlcne-blue solu- 
tion. It is then held over the Buus(»n flame until the 
fluid boils ; it is then removed, and after a few seconds 
is heated again. This is continued for al>out one 
minute, afticr which it is washe<l off in water and 
dipiKKl five or six times in alcohol cx)ntaining about 0.2 
to 0.3 per cent, of hydrochloric acid. This is rinsed off 
in water and the preparation is now stainc<l for from 
eight to ten se<x)nds in aniline-water fuchsin solution 
(Koc»h-Ehrlich solution), and finally again washed in 
water. By this methcKl the sjK)rcs are of a blue color 
and the lK)dv of the cell red. 

By another proc(\ss the cover-slip is floatcnl, bacteria 
down, ujMm the surfa<»i* of a watch-i'rystalful ol' fr(»shly 
prepared Koch-Ehrlich soluti<m of fuchsin. This is 
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f hpn held by its eclgf: witli the forceps alwilt 2 cm. aimve 
a. very small flame of a Buiisen hurner, rare being taken 
lliat the, flame kiiiches only tlie centre of the bottom nf 
the crjstal. After a few seconds tlie crystal is ele\'at«i 
gradually imtil it la al)out 6 to 8 era. above the flame, 
then it is slowly moved down to the Hanie again, and 
this up-and-ilowu movement is cnntinuetl nntil the 
staining fluid l^icgins to boil. Aa soon as a few bubbles 
have l)een given off it is held aside for a minute or two 
and the |irooess of heating is repeated. When the 
boiling liegins, the crystal is held aside again for a 
minute or two. The crystal is heated in this way for 
almiit five or six consetnitive limes. When the fluid 
has stood for about five minutes after the last boiling, 
the pre)>aration is transferred, without waaliiiig in 
water, into a second watch -or}- stal containing the fol- 
lowing decolorizinj^ solntion : 



In this solution it is placed, imcteria up, and the" 
vessel Lt tilted from side to side for alwiit one minute. 
It is then removed, washed in water, and stained with 
the methylene-blue solution. The spores will be stained 
red and the Iwdy of the cells will be blue. 

MoEi.LKii'8 Method i^>b Staining Spores. — A 
method that has rewutly been published by Mocller is 
designed Ut lavnr the penetration of the coloring mate- 
rial through the spore membrane by macerating the 
spores in a eohitiou of chromic acid before staining 
them. It is us follows : 

The cttver-slips are prepared in the usual way, or the 
fixing may be aceomplisbwl with absolnt*" alcohol in- 
stead of high temperatures. The preparatiou is then 
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held for two minutes in chloroform, then washed off in 
water, then placed for from one half to two minutes in 
a 5 per cent, solution of chromic acid ; again washed 
off in water, and now stained in carbolic fuchsin. In 
the process of staining, the slip is taken by the corner 
with the forceps, and carbolic fuchsin is dropped upon 
the side containing the spores. It is then held over the 
flame until it boils, and then held some distance above 
the flame for one minute. The staining fluid is then 
poured off and the preparation is completely decolorized 
in 5 per cent, sulphuric acid, again washed off in water, 
and finally stained for thirty seconds in the watery 
methylene-blue solution. The spores will be red, the 
body of the cells blue. 

In this method the object of the preliminary ex- 
posure to chloroform is to dissolve away any crystals of 
lecithin, cholesterin, or fat that may Ix; in the prepara- 
tion, and which when stained might give rise to con- 
fusion. 

It must be remembered that there are conspicuous 
differences in the behavior of spores of different bac- 
teria to staining methods. Some stain readily by 
either of the methods especially devised for this pur- 
pose, while others can hardly be stained at all, or only 
with the greatest difficulty, by any of the known pro- 
cesses. 

Loffler'h Method for STAiNrNO Flagella. — 
For the demonstration of the locomotive apparatus 
possessed by motile bacteria we are indebteil to Loffler. 
By a special method of staining in which the use of 
mordants played the essential jwirt, he has shown that 
these organisms possc»ss very delictite, hair like appen- 
dages, by the lashing movements of which they projwl 
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themselves through the fluid in which they are located. 
The method as given by I^ffler is as follows : 

(1) It is essential that the bacteria Ixj evenly and 
not too numerously distributed upon the cover-slip. The 
slips must therefore Ihj carefully cleans(»d. (See iJbffler^H 
method of cleaning cover- si ii>s.) Five or six of the 
carefully cleansed cover-slips are to l)e placed in a line 
on the table, and on tlie centre of 'each slip a very small 
drop of tap-water is placed. From the culture to Ixi 
examined a minute portion is transferred to the first 
slip and carefully mixed with the drop of water ; from 
this mixture a small i)ortion is transferred to the 
second, and from the second to the third slip, and so 
on — in this way insuring a dilution of the number of 
orgtuiisms present in the preparation. 

Th(»sc slips are then dried and fixtnl in X\\q ordinary 
way. They are next to Ix* warnuHl in the foUowing 
solution : 

Tannic ncid Holutiun in water ('JO acid, W water) . 10 c.c. 
Cold Maturated solution o( ferro-sulphatu . . 5 cc. 

Saturated watcr>' or alcoholic solution of fuclisin . 1 cc. 

This solution reprt»sents the monlant. A few drops 
of it are to Ik? placx^^ u[)on the film of bacteria on the 
cover-slip, which is then to Ikj held over the flame until 
the solution Iwgins to steam. It should not be boiled. 
After steaming, the monlant is washed ott' in water and 
finally in alcohol. The biu'teria are then to l)e stainwl 
in a satu ra te<l auiline- water tuchsiu solution. 

When trcatcnl in this wav ditterent bacteria iK^have 
(Htrcrently : the flagella of some stain readily in the 
above solutions; others rcijuire the acldition of an alkali 
in varvinu^ (juantities ; while others stain JK'st after the 
addition oi* acids. To mei't these conditions an exact 



METHOD FOR STAINING FLAG ELLA. 141 

1 per cent, solution of caustic soda in water must be 
prepared, and also a solution of sulphuric acid in water 
of such strength that one cubic centimetre will be 
exactly neutralized by one cubic centimetre of the 
alkaline solution. 

For different bacteria which have been studied by 
this method, the one or the other of these solutions is 
to be added to the mordant in the following propor- 
tions. 

Of the acid solution : 

For the bacillus of Asiatic cholera . H to 1 drop. 

For the spirillum rubrum . . . 9 drops. 

Of the alkaline solution : 

For the bacillus of typhoid fever . . 1 c.c. 

For the bacillus subtilis 28 to 30 drops. 

For the bacillus of malignant (ixlema . 86 to 37 ** 

For other organisms one must determine whether the 
results are better after the addition of acid or alkali, 
and how much of either is required. In general it may 
be said that bacteria which produce acids in the media 
in which they are growing require the addition of alka- 
lies to the mordant, while those that produce alkalies 
recpiire acids to be addal. By following I^ffler's direc- 
tions the delicate, hair-like fljigelhe on motile organisms 
may be rendered j)lainly visible. 

There are several i)oints and slight modi fic^it ions in 
connection with this method that require to be empha- 
sized in order to insure suc(?ess : The solutions should 
be iKjrfectly fresh ; after mixing tlie tannic acid, iron, 
and fuchsin solutions together they should Ih' filtered 
l)efore using ; when placed on the cover-slip an<l held 
over the flame never heat to (he boiling-poinl ; inffeed, (he 

beat remits are ob(ained when (he preparation in held high 

7* 
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above the flame and removed from it aJt the first evidence 
of vaporization, or^ better still, a little before this point is 
reached. We have derived no advantage from the 
addition of acids or alkalies to the mordant as recom- 
mended by Loffler, but obtain with a fair degree of 
regularity satisfactory results through the use of the 
neutral mordant alone.' 

STAINING IN GENERAL. 

The physics of staining and decolorization is hardly 
a subject to be discussed in a book of this character, 
but, as Kiihne has pointed out, solutions which favor 
the production of diffusion currents facilitate intensity 
of staining, and by a similar process increase the energy 
of decolorizing agents. For example, tissues whicli art* 
transferred from water into water v solutions of the 
coloring matters are less intensely stained and more 
easilv decolorizwl than when transferred from alcohol 

•r' 

into watery stiiiniug fluids ; for the same reason tissues 
staineil in watery solutions of the dyes do not l)ecome 
decolorized so readily when placed in water as when 
plactKl in alcohol. 

The diffusion of staining solutions into the proto- 
phism of dried bacteria, as found upon cover-slip prt^p- 
aratioiis, is much greater and more rapid than when the 
same bacteria arc located in the interstices of tissues. 
These differences are not in the bacteria themselves, but 
in the obstruction to diffusion offered bv the tissues in 
which thev are located. 

The result of absence of diffusion mav easilv be illus- 

' I am indebted to Dr. James Homer Wright, Thomas Scott Fellow In 
Hygiene, 1.S92-1W, University of Pennsylvania, for the suggestions in connec- 
tion with the modification of this method. 
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trated. Prepare a cover-slip preparation, dry it care- 
fully, fix it, and without allowing water to get on it 
from any source, attempt to stain it with a solution 
of the dyes in absolute alcohol, washing it out subse- 
quently with absolute alcohol ; the result is negative. 
The absolute alcohol does not possess the property of 
diffusing into the dried tissues, and hence, as has been 
stated before, alcoholic solutions of the staining dyes 
should not be employed. The staining dyes should 
always be watery.* 

Dfxx)IX)rizixg Solutions. — As regards the employ- 
ment of decolorizing agents, it must always l)e borne in 
mind that objects which are easily stained are also easily 
decolorized, and those that can be caused to take up the 
staining material only with difficulty are also very diffi- 
cult to rob of their color. The most common dwolor- 
izer in use is probably alcohol — not absolute alcohol, 
but alcohol containing more or less of water. Water 
alone has this proi>erty, but in a much lower degree 
than dilute alcohol. On the other hand, a much more 
energetic decoforization than that |K)ss(\ss(d by either 
alone can be obtain(»d by alternate exposures to alcohol 
and water. More energetic in their decolorizing action 
than either water or alcohol, are solutions of the acids. 
They apj>ear, particularly when they are alcoholic solu- 
tions, to diflFuse rapidly into tissues and bacteria and 
very quickly extract the staining materials which have 
been deposited there. For this reason these solutions 
should be employed with much care. 

1 In the beginning of thl8 chapter it was ftated that the mturated alcoholic 
solutions of the dyes do not serve us otains for bacteria. It must l)e remem- 
bered that this holds only when absolute nicohol and i>eif«.rtly dry coloring 
matters have been used. If but a small pro|>orti(>n of water Ls ]>resent, the 
bacteria may be stained with these solutions. 
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Very dilute atvtic! aekl robe tissiieB and barUria of-^ 
tlieir staining with remarkable activity ; still moreenep- 
getic are solutions of the mineral acids, and particularly, 
as bus been said, when this action is accumpauied by i 
the decolorizing properties of aleobol. 

The acid solutions that are commonly employed are ; 

Acetic acid in from 0,1 i>ercent. to 5 per cent, water^fl 
solution. 

Nitric acid in from 20 jwrceut. to 30 per cent, watery 1 
solution. 

Hydrocliloric acid in 3 jter wnt. solution in alcohol. 



8TAININU OF BAtrrKBIA IN TlSSlTtH. 

In staining tissues for the purpose of demonetrating j 
the bacteria wbieb tbey may contain, a minilier of" points J 
must be borne in miud : thcconditions which favor the J 
diffusion of the staining fluids into the bacteria are noV i 
not BO favorable to rapid staining as they were whei 
the bai^teria alone were present upon cover-slips ; the;! 
titaining of tissues, therefore, requires a fenger ex]K)Sure 1 
to the dyes than d(M« that of cover-slips. In tissues, too, 
there are otber subt<tani¥s beside the bacteria which ( 
become stained, and these, unless robbed in whole or in 
part of their color, may so mask the staineil Itacteria as 
t(i ri-ndor them diflicult, if not im|>ossil>le of detection. 
Tissues must, therefore, always be subjected to some ' 
degree of deeolortzatioD, and this must Ik- practised 
without depriving the bacteria of their color. 

The details of the methods of decoloriaition will bo ) 
described in tlie section on the technique of staining. 

Another point to be remembered in staining tissues 
ia that they can never be heated aud retain their strucN 
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ture, in the same way that one heats cover-slips. The 
best results are not obtained in efTorts to hasten the 
staining by subjection to high temperatures, but rather 
by longer exposures at lower temperatures. 

Hardening the Tissues. — The bite of tissue — not 
greater than 1 cm. cube — are to be placed, as fresh as 
possible, in absolute alcohol. The bit of tissue should 
rest upon a pad of cotton or filter-paper in the bottle 
containing the alcohol, in order that it may be elevated 
and surrounded by the part of the alcohol which is 
specifically the lightest, and cx)nsequently c»ontains least 
water. The alcohol abstracts water from the tissue, and, 
as the dehydration proceeds, the tissue becomes accord- 
ingly more and more dense. When of about the con- 
sistency of fresh solid rublx?r, or preferably not quite 
so dense, it is ready to cut. A small j)ortion of about 
0.5 cm. cube should Im c«mented to a bit of cork with 
ordinary mucilage, and allowed to remain in the open 
air for a minute or two for the mucilage to harden. 
Alcohol should be dropi>ed upon it occasionally, to pre- 
vent drying of the tissue. When the mucilage is hard, 
the cork with the piece of tissue upon it may he left in 
alcohol over night, and on the following day the sections 
may be cut. 

Section-outtincj. — This is accomplished by the use 
of an instrument known as a microtome. In Fig. 31 
is seen the form now commonly employed. It is 
known by the name of the maker, as Hchanze's micro- 
tome. It Ls an apparatus provided with a clamp for 
holding the cork upon which the tissue is cementtHl and 
also a sliding clamp which wirrics a knife. The tissue 
is clamped horizontally, and the knife is cause<l to slide 
across its upper surfa(!e, also in the horizontal direction. 



] 46 BA CTERIOI.OO }'. 

Beneatli the clami) for liuliliiig the tissue is a milW 
disk, by muiii» ol' which n sorew is caused to revolv^J 
and in revolving raises or lowers tlie clamp holding t 
tissue, so that the tissue raay be brought closer to orM 
farther from the plane in whicli the knife slides. Byr^ 
this arrangement sections of any desired thickness can 
lie cut by turninj; tlie milled disk with the one hand and 
musing the knile to traverse the tissue with the other. 
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The tissue and the knifi^blade should he kept wefea 
with alcohol, so that the sections may Hoat upon tiiWU 
blade of the knife, from which they can be easily | 
removed without tearinjf, with a curved needle or ftJ 
camel-hair pencil. As the sections are cut they bN 
placed in a dish containing alcohol. 

There are some tissues which, by reason of their hi»4 
tological structure, do not become sufficiently dena! 
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when exiK)sed to alcohol to permit of their being cut in 
the above way. It becomes necessary to render them 
more solid by filling their interstices with some sub- 
stance that neither interferes with their structure nor 
prevents their being cut into sections. They must be 
" imbedded," as this process is called. 

Imbedding in celloidin. Most convenient for this 
purpose is celloidin, a body somewhat similar to col- 
lodion, soluble in a mixture of equal j)arts of alcohol 
and ether, as well as in absolute alcohol. 

After hardening in alcohol the tissue to be imbedded 
is placed into a mixture of equal parts of absolute 
alcohol and ether and left there for twenty-four hours. 
It is then transferred to celloidin. Two solutions of 
celloidin are to be employed, the one a thin solution in 
a mixture of equal parts of absolute alcohol and ether, 
the other a thick solution in the same solvent. Into 
the thin solution, which should be of about tlie consist- 
ence of very thin syrup, the tissue is placc^d from the 
absolute alcohol and ether, and allowed to remain there 
for twenty-four hours. It is then placcnl in the thick 
solution for about a da v. From this it mav be removed 
and placed immediately u|X)n a bit of cork or a block 
of wood. The adherent celloidin will act as a («ment, 
and as it hardens rapidly, the tissue is soon fast to the 
cork. It is then left in 60 per cent, ah^ohol for twenty- 
four hours to complete the solidification of the celloidin 
Sifier which sections may be cut in the way just described 
for tissues not so treated. 

Imbedding in paraffin. After bits of the tissue not 
larger than a cubic centimetre have Ihimi hanlene<l in 
the usual way, they are placed in fresh absolute alcohol 
for twenty-four hours to complete the process. From 
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this tiloy are transferred to pure tiiqwntine, and kept 1 
in a warm oven at a tompcratiire not exreeiling 35" to j 
38° C. Here tliey remain for a time snffii-ient for thee 
to l>etx>rae thoroughly satriratcd witli the turpentine, a 
is recognized by tlie transparent appearance that they i 
assume. From tliis they are placed into paraffin tliat ^ 
is molted at 53° C. and allowed to remain in thia for 
throe or four hours. They are then transferred to a ' 
small paper or metal mould, or a pill-ixix, and melted 
parafliu is [wiired over them. When the j)araf!in has 
bemrae solid the mould or pill-box la removed from 
an>und it, the excesia of (mraffin removed from almtit 
the imbedded tissue, and the latter is ready for cutting. 

Wiien the sections are cut they are freed from par- J 
allin by Gxjiosing them to tur|»entiue; the latter is r 
moved by washing in alcohol and the sections eau now ! 
l>e stained in the ordinary way. In cutting seetiooB | 
from tissues that have lieen imbedded in (laraffiD the | 
long axis of the knife should be at nearly right angles 1 
to the direction in which the knife travels. For bao* f 
teriological purposes the method of imbedding in par- 1 
affin docs not an a rule give such good results as when \ 
the celloidin method is employed. In thia work, 
tlierefore, the latter is usually preferred. 

Staining of the Sections. — The sections when tsaiM 
may be stained in a variety of ways. The ordiauy 1 
watery solutions of the three common basic aniline dyee 
— fuchsin, gentian-violet, or methyleue-blue — or, what ] 
is better, the alkaline methylene-hlue solution of Lofflei^ j 
may be employed for general use. 

The acid aniline dyes, as well as some of the vege* J 
table coloring matters, arc essentially nuclear stains, and J 
are not applicable tu the staining of bacteria. 
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Into a watch-glass containing either of the staining 
solutions mentioned, the sections are to be placed after 
having been in water for about one minute. They 
remain in the staining solutions for from five to eight 
minutes. They are then removed, rinsed in water, and 
partly decolorized in 0.1 per cent, acetic acid for only a 
few seconds; again washed out in water, then in aliso- 
lute alcohol for a few seconds, and from this again into 
absolute alcohol for the same time, and finally into cedar 
oil or xylol. Here they remain for from one-half to 
three-fourths of a minute. They are now to be carefully 
spread out upon a spatula, which is held in the fluid 
under them, and without draining off the fluid are trans- 
ferred to a clean glass slide. This must he done care- 
fully to avoid tearing. The easiest way to do this is to 
hold the spatula on which the section floats in one hand, 
with its point just touching the surface of the glass slide, 
and then with a needle pull the section gently off upon 
the slide. The fluid comes with it, and the floating sec- 
tion may be easily spread out into a flat surface. The 
excess of fluid is taken up with blotting-j)aj)er, after 
which a drop of xylol-balsam is placed upon the centre 
of the section, and is then covered with a thin, clean 
cover-slip. It is now ready for examination. 

Each step in the above process has its definite object. 
The secrtions are placed in water before staining in order 
that the diffusion of the staining solution into the tissues 
may be diminisheil ; otherwise our efforts at rendering 
the bacteria more (conspicuous by decolorizing the tissues 
in which they are located would rob the bacteria of 
their color as well. 

The acetic acid and also the al(N)l)ol are decolorizers, 
and are directed toward the excess of staining in the 
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tisanes. The cednr oil or xylol are btxlica which mix 
on the one hiiiid witli sluuhul, on tlie other with bateam. 
They are kiiowii as " clearing fluids," and not only serve 
to ditfereiitiate the comjMinent parts of the tissue but fill 
ii|j tlie gii[» that would otherwise be left in the process, 
for a sei-tion eannot be mounted in balsam dlrw'tly from 
aWhol ; the t^vo boilica do not mix perfectly. 

A number of clearing agpnts are in general use; id 
fact, almost all the essential oils come under this head. 
There is one— oil of cloves — which is very commonly 
used in histological work, but it must not be employed 
in tissnes containing Iwcteria. It not only extracts too i 
mudi color from the bacteria, but entises them to fade | 
after tlie seetiona have been mounted for a time. 

When the section thus stained and mounted is ex- 
amined microscopically, it may be fuund that the tissues J 
still posscsH so much color that the bacteria arc not \ 
visible, in which case they have not l)een de<'olorlzed 
sufficiently; or, on the other band, Iwth bacteria and 
tissues may have [>arted with their stains— tlien decol- 
nrlxation has In-en carried t<K> far. In either ease the | 
fault must be romediLil in the manipulation of the next 1 
section to Iw mounted. 

In short, the ste[)s in the process of staining sections 1 
in general are these: 

a. From alcohol into distilled water for one minute. 

b. Into the staining fluid for from five to eight i 
minutes. 

c. Into water for from three to five minutes, 

d. Into 0.1 per ecnt, acetic acid for about one-half 
minute. 

«. Absolute alcoliol for a few seconds. 
f. Absolute alcohol for a few seconds. 
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g. Xylol for about one-half minute. 

h. Removal with spatula or section-lifter to slide. 

t. Removal of excess of xylol. 

j. Mounting in xylol-balsam. 

The section must be lifted from one vessel to the other 
by means of either a curved needle or a glass rod drawn 
out to a fine end and bent in the form of a curved needle. 

By the above process of staining, which can be prac- 
tised as a general method for most bacteria in tissues, 
the nuclei of the tissue cells, as well as the bacteria, will 
be more or less deeply stained. 

Special Methods of Staining Bacteria in 
Tissues. — For purposes of contrast stains it some- 
times becomes necessary to completely, or nearly com- 
pletely, decolorize the tissues and leave the bacteria 
unaltered in color. For this purix)se sjx'cial methods 
depending on the staining peculiarities of the bacteria 
under consideration have been devised. 

Gramas method with thsues. One of the most com- 
monly employed difiPerential stiiins is that of Gram. In 
general, it is practised in the way given for its employ- 
ment on cover-slip preparations with some slight 
modifications. 

In this method the sections are to l)c placed from 
water into a solution of aniline- water gentian- violet, 
as prepared by the Ko<*h-Ehrlich formula, but which has 
IxKjn diluted with about one-third its volume of water. 
In this the sections remain for about ten minutes, prefer- 
ably in a warm place, at a t^^'mjKTature of alK)ut 40° C. 
Thev should never, under anv conditions, be lK)iled. 

From this thev are waslu»d alteriiatelv in the i(xline 
solution and alcohol, occasionally renewing the stained 
with clean alcohol, until all color has iK'cn extracted 



152 



BACTKRIOLOOY. 



fi-om tlieni. Tliev are then lirouglit for one minute 
a«IiIiite\vaterva)liitionofeo9iiiorsafraiii!i,orBiBmarck- 
hrown ; i^in wiwhed oiit for a few S(h.iiik]s in alcohol, 
and fiualtv f<)r one-fourth tuiDiit*: in nlmohitc alcohol. 
From this they are transterred to xylol for a halt- 
niiniitc. The n^maining steps in the process are the 
same as those given in the general method. 
casi-B Ixjtter results are obtained by reversing the stepf 
in the process and staining the bacteria last, for tha 
the frctjiient detolorizing iiution of the al(X)hol on t 
l»aeferia is diminished; thus, place the sections fro 
alcohol into eosin, safranin or Bismarek-brown for a few 
luinntes, then wash out in 50 per cent, alcohol, then for 
from tliree to five minutes in tlie dilnte aniline-water 
gentian -violet solution, then into the iixlino bath, after 
three minutos wash out in alcohol, and, finally, for on&- 1 
fourth minute in absohitc alcohol, and then into the^ 
xylol, from which they may lie mounted. The oi^tL- J 
isms which may be stained by this method are mia. I 
tetragenns, b. diphthcriie, h. anthracls, staph, pyc^enesj 
aureus, and a few others. It cannot be suoooasfully^ 
employed with tlie Iracilhis of typhoid fever. 

Staining mlh dahlia and decolorizing with soda solui' 
lion. Anotlier method tliat is not very commonly em-S 
ployed, though tlie results obtained by its i 
many ca.scs very satisfactory, is to stain the tissues in •$ 
strong watery solution of dahlia {alxnit one-fourth satu-l 
rated) for from ten to fifteen minutes ; from this they I 
are brought into a 2 jjcr cent, solution of sodium OT J 
potassium carbonate, and from this into alixthol, alter- ' 
nating from the one to the other, until the section h 
almost <M)lorloss. From the alrahol they are rinsed out 1 
in water and then brought into a dilute watery aolutioa 
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of either eosin, Bismarck-brown, or safranin for one 
minute, then washed out in alcohol, finally in absolute 
alcohol, and then into xylol, from which they may be 
mounted in the manner given. 

Especially brilliant results are obtained when tissues 
containing anthrax bacilli are stained by this process; 
the bacilli will be of a deep blue color, while the sur- 
rounding tissues will be of the color used as contrast. 

Kuhne^s carbolic methylene-bfue melhod. Stain the 
sections in the following solution for from one-half to 
one hour : 

Methylene-blae, In substance .... 1.5 jrrammes. 
Abeolate alcohol lOcc. 

Rub up thoroughly in a mortar, and when the blue 
is completely dissolved, add gradually 100 e.c. of a 5 
per cent, solution of carlx)lic acid. (The solution de- 
composes after a short time ; it should be made fresh 
when needed.) From this the sections are washed out 
in water, then in 1.5 to 2 |)er cent, hydroc^hloric acid in 
water, from this into a solution of lithium carlx)natc of 
the strength of six to eight drops of a concentrated 
watery solution of the salt to ten dn)i)s of water, and 
from this again thoroughly wjisIuhI in water ; then into 
absolute alcohol containing enough niethylene-blue in 
substance to give it a tolerably dens(^ color, then for a 
few minutes into aniline oil to which a little methvlcne- 
blue in substancxi has been added ; then completely 
rinse out in pure aniline oil, from this into thymol or 
oil of turj>entine for two minutes, and then into xylol, 
from which thev are mount<?d in x viol-balsam. The 
advantages of this nieth(j<l art* that it is generally ap- 
plicable, and by its usv the bacteria are not roblwHl of 
their color, whereas the tissues are sufficiently dcH»olor- 



y/M V/ f*^uA0ff thf: ^jQtx^m. viabfie^ sad adnut of die use 

W^i/f^ffn m/04i^itaiifm fjj Grwm* meAad for BeeHoms, 
^f*#r# fik^r ^fi.u/tt^, in the K^j^rik-Ehriiefa anfline-writer 
^/fif i^#> 7i//|/dl HfhilUfU for five or «ix minutes ; wash out 
if9 ifHU'f tff fAtyptiohffpiial <$alt ?irJation (0.6 to 0.7 percent. 
*fftufhfi$ of '^ffVmm ^-hlorirle in distilled water); transfer 
^Ut^m v^ifti f(f#r M^if'tion-lifler to the slide; take ap the 
t'tH'jm of fluid \ty ^frilly pressing upon the flat section 
wilh it\oliiu^'\fH\tt^r ; ir^at the section with the iodine 
vu$\uiioii UMul \ty it nun ; tiike up the excess of the solu- 
flori willi l»loUifi^-|i}i|MT; crover the section with aniline 
n\\ thin uifl only (lifl^rcntiutes the component parts of 
llih nm'Hmm, liiit dcliydmU^H tis well; wash out the 
iiiillliH* Mil with xylol, and mount in the usual wa^ in 
^vlol ImiImimm. ( )i\ (lerolori/ution with iodine maybe 
oniilird, nnd (hr Hertionn, ii{{vr Htaining in the aniline- 
\Milrr prnlinn violol lor live or six minutes or longer, if 
iMM«rnonr\, iwv (rnnHfenvd to the slide without being 
wm'iIumI III water or salt solution, or if so onlv verv 
MJl^diiK and rapid! V, driinl as tnunpletely as possible 
Willi llller |ui|Hr, tlieu aiv diHtdori/inl with a mixture 
\^\ iihiliiir \»il \^oue jviiri) and \yK>l ^two jxirtsX This is 
\\\\' \l\ li\'<Ue jvirt o( the pi\H>*ss and am l»o watcheil 
iiiixlvi ilu lv»w jH»w\»r v»t* llie iniei\v<^\»|H' : when deoolor- 
i-.^iiou i» snt^ivix'iu yi\'|H\Uv\l ap|>liaition> ottho auiline 
\mI kkI \\lv»l nnviinx* ;ux' v^viieniilv iKw-^j^^irv), |Hirv 
\\U»l »> |»! ti\ H ills' »ni\nitx\ ;uul iliv <^Hvinu*a i> dually 
M!x^;'!Hvxl ••' \\ \'' \t">^tui I *'!s>i> ;i-: iIh' .iv.iliite «nl i:> 

l'.» ■. •' <% "';*A\vv '. s- t: V' .*: -v '> n ^ '. "* l'.\'»'kOrt-Jvr 



STAINING OF BACTERIA IN TISSUES. 155 

avoided. This method, while it stains ceiiain bac- 
teria in tissues very satisfactorily, is nevertheless 
designed especially for the staining of fibrin. Fibrin 
and hyaline material will be stained deep blue, bacteria 
a dark violet. 

Staining of Tubercle Bacilli in Tissues. — As 
for the staining of cover-slips, only those methods most 
commonly employed will be given. 

The method of Ehrlidi, Stain the sections in aniline- 
water fuchsin or gentian-violet for twenty-four hours ; 
decolorize in 20 per cent, nitric acid for a few se(^nds 
only, the color need not be entirely extracted ; then into 
70 per cent, alcohol until no more color can be ex- 
tracted by the alcohol; stain as contrast color in dilute 
watery methylene-blue, malachite-green, or Bisnian*k- 
brown solution ; wash out in 90 per cent, alcohol, then 
in absolute alcohol for a few seconds ; clear up in xylol 
and mount in xylol-balsam. 

Method of Ziehl- Neehen, Stain the sections in 
warmed carbol-fuchsin solution for one hour ; tempera- 
ture to be about 45^ to 50° C. Decolorize for a few 
seconds in 5 per cent, sulphuric acid, then in 70 per 
cent, alcohol, and from this on as bv the Ehrlich 
method. 

Dry method. For the tulnTc^le bacilli, as for many 
other organisms in tissues, the following ineth(Kl may 
be employed if only the presence of organisms is to be 
detected and the histological condition of tlie tissues is 
a matter of no consequence : Bring the s(H*tions fn)m 
water upon a slide or cover-slip, dry, fix, and stain by 
the metluKls for c»over-slip prepamtions. 

Oray^s method. The method emplovcnl by (iray at 
the Army Medical Museum, Washington, D. C, a 
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desfription of wbirli is given by Bordeu, is as follow 
The tissue to be stained should l>c hardened, preferab^ 
in alcohol, in pieces not exceeding 1.5 by 1.5 by 1 c 
in size, tiioiigh tissues hardentKl by any other of the 
regular methods can !« stained. Alcohol is to Ite pre- 
ferred, however, and alter its nstt the bacilli slain more 
quickly and brilliantly than when one of the other 
hardening fluids, Miiiler's, for instance, is employed. 

After the tissue has been hardened it is imbedded in 
■paraffin, and cut in the usual manner. The sections 
are then cemented to the slides witli a filtered J per 
cent, solution of gold laWl gelatin, to which is added 
cliloral hydrate, in the proportion of 1 per cent., as 
preservative. Several drojis of this are placed on a 
slide, a section laid on top, and the slide placed in a 
warming oven, kept at a temperature slightly bdou} tJie 
melting-point of the juiraHiD. In about five m]nute8_ 
all wrinkles will have been taken out of the seetioB) 
which will lie perfectly flat and smooth on the surfaa 
of the gelatin solution. The slide is then removed iroDJ 
the oven and the surplus fluid poured from it, thai 
bringing the section down into contact with its sur& 
ai^r which it is set aside in a plu(« protected f 
dust, to remain until the section is firmly («ment«d t 
it by the drying of the gelatin solution. The drytDf 
may l>c hastened by keeping tlie slides in an ov^ 
iielow the melting-point of the iNiratfin, but it is b 
to set the slides aside until tlie next day, when the s 
tious will l>e fiinnd to be jx'rfcetly cemented to thein.f 
The iMirartin i.s then removeil from the section by tmv 
jK-ntine, the turjiontine by aiisoliite ul«>hol, tlie abeotutel 
nieohol by ■'iO |>cr cent, alcohol, and this by wat«r, afl^'a 
which tlic glides are placed in a 6 per cent. oqueontJ 
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solution of potassium bichromate for five minutes. 
This renders the gelatin insoluble, and prevents the 
sections from leaving the slides during their necessarily 
more or less prolonged immersion in the fuchsin stain. 
The potassium bichromate is washed out with water, 
and the slides are then placed in a fuchsin stain, which 
is prepared as follows : 

Fuchsin 1.5 grammes. 

Abeolnte alcohol 14 c.c. 

Carbolic acid crystals, pure 6 grammes. 

Water 100 c.c. 

Dissolve the fuchsin in the alcohol and the carl)olic 
acid in the water. Mix the two solutions and let stand 
for twelve hours, with occasional shaking or stirring, 
then filter. 

The slides are left in this solution a sufficient length 
of time. In tissues properly hardeneil in alcohol the 
tubercle bacilli stain very quickly, generally five min- 
utes being sufficient to stain them deeply. 

Prolonged immersion in the fuchsin does no harm 
and insures (x^rtainty of results. After a section has 
been in the stain a sufficient length of time it, with the 
slide to which it is (»ementeil, is wiishcd in water until 
the surplus stain is removed ; it is then subjected to 
the action of a combined dccolorizer and contrast stain 
made as follows : 

Methyl-blue 2.25 grammes. 

Absolute alcohol :\o c.c. 

Sulphuric acid 12 

Water (dlsU lied) 100 






Dissolve the methvl-blue in tlie alcohol, add the acid 
to the water, mix the two solutions, and let stand, with 
occasional shaking, for twelve hours, then filter. 

This soluti(m is allowcxl to act ujk)U the tissue for a 

8 
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few seconds, and as soon as the blue color predomiiiat^s 
over tlie retl, s» seen bv transuiitteti light, the gectiou is 
inimed lately washed iu wattr, GeiiemHy the rvA color 
reappears and the section must be i^iu subjected to the 
action of the blue Boliitioti and again washed in water. 
This must be repeated until the blue almost, if nottjnife 
completely and jieroianently, replaces the red stain. 
This is the most difficult part of the process and entirely 
satisfactory results are only obtuiuetl after some praetioe. 
The tendency is usually to not sniBciently replucc the 
fuchsin with the methyl-blue, and in consequence the 
red color of the bacilli is masked by the red of the 
surrounding tissues. Unless all acid is thoroughly 
removed by the final washing in wat<'r the stain Is not 
permanent. The section is then citmpletely dehydrated 
with absolute alcohol, after taking up the excess of 
water on the slide with blotting pajwr. The alcohol is 
followed by turpentine, and the process is completed by 
mounting in xylol -balsam. 

In case it is desired ti] slain sections cut by the 
freezing method, they are placed upon a slide on which 
a few drops of the gelatin fixative have been placed, and 
after al)out five minutes, during which the fixative will 
have i)cnetrnted the section, the surplus is jwiired from 
l>cneath the section. The slides are then set aside for 
the gelatin to harden by drying, and after drying they 
are placed in bichromate fluid to render the gelatin 
insoluble. They are then manipulated in exactly the 
same manner as the sections cut by the paraffin method. 

This methoti gives equally good results with tiasuefl 
containing the lepra liacillus as with those containing 
tubercle bacilli. 



CHAPTER XI. 

Systematic study of an organism— Points to be considered in identifying an 
oiigAnism as a definite species. 

After isolating an organism by the plate method, 
considerable work is necessary in order to establish its 
identity as a definite species. 

It must possess certain morphological and cultural 
peculiarities, which must be constant under constant 
conditions. 

Its form at different stages must always be the same. 
Its ability or inability to produce spores must not vary 
under proper conditions. Its growth upon the different 
media under constant conditions of temperature and 
reaction must always present the same outward ap}>ear- 
ancos. The reactions given by it to the media in which 
it is growing must follow a fixed rule. Its power to 
produce liquefaction of the gelatin, or to grow \\\K>n it 
without bringing al)out this change, must always l)e the 
same. Its motility or nou-motility, and, if motile, tlic 
number and jH)sition of its organs of locomotion, mu.**t 
be determined. Its production of certain chcnii(*al pro- 
ducts must be dctec^tcil by chemical analysis. Its U^- 
havior toward oxygen — /. e., (l<x?s it rc<juirc tliis gjis for 
its growth? is this gas an indifferent factor? or liy its 
presence are the life processes of tlie orgtiuisin checked ? 
— must l)e dcH'idiHl. Its l)ehayior under varying condi- 
tions of temjwratu re and under the iuHuenceof diffcrc^nt 
chemical bodies, as well as its growtli in nunlia of 
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different reactions, are to be studied. The property of 
producing fermentation with the liberation of gases 
must be ascertained ; if it produces pigment, what are 
the conditions favorable and unfavorable to this func- 
tion ; and lastly, we must consider its behavior when 
introduced into the bodies of animals used for experi- 
mental work — i. e.f is it a disease-producing oi^nism, 
or does it belong to the group of innocent saprophytes? 
We have learned the methods of obtaining colonies, 
and have accpiainted ourselves with some of the pecu- 
liarities by which they are distinguished from one 
another. The next important step is to determine the 
morphology of the individuals composing these colo- 
nii»s as well as their relation to each other in the colony. 
These points are decrided by mi(^roscopic examination 
of bits of the colony which are transferred to thin 
glass cover-slips, ui)on which they are dried, stained, 
and mounted. Cover-slips for this purpose are pre- 
parcKl in two ways : either by taking up a bit of the 
(H)lony on a platinum needle, smearing it upon a cover- 
slip, staining it, and examining it — by which only the 
morphology of the individuals can be made out— or by 
the method of " impression cover-slip preparations," 
by which not only the morphology, but also the relation 
of the or^uiisms to one another in the colony can be 
dotcrniincHl. The details of these methods will be 
found in the chapter on the metho<ls of staining. 

MICROSCOPIC KXAMINATION OF PUEPAUATIOXS. 
TlIK DlFFKUKNT PaUTS OF TIIK MlCR()8COPE. 

Before describing the process of examining prepara- 
tions mi<Toscopically, a few definitions of the terms 
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used in referring to the microscope may not be out of 
place. 

The ocular or eye-piece is the lens at which the eye is 
placed in looking through the instrument. 

The objective is the lens wliich is at the distal end of 
the barrel of the instrument, and which serves to mag- 
nify the object to be examined. 

The fstage is the shelf or platform of the microscojKj 
on which the object rests. 

The reflector is the mirror placx^l beneath the stage, 
which serves to direct the light to the object examined. 

The coarse adjustment is the rack-and-j)inion arrange- 
ment by which the barrel of the microscope can l>e 
quickly raised or lowered. 

The fine adjustment serves to niisc and lower the 
barrel of the instrument very shiwly and gnidually. 

For the microscoj)ic study of bacteria it is essential 
that the micn>scoi>e be provided with an oil-immersion 
system and a sub-stage condensing aj)paratus. 

The Oil-immersion or Homogeneous System consists in 
an objwtive so constructe<l that it can only W uschI 
when the media thn)Ugh which the light passes in 
entering it are all of the same index of refraction — /. r., 
are homogeneous. This is accomplished by interposing 
betwe<'n the face of the lens and the cover slip covering 
the object to Ik? examintnl a body which rci'racts the 
light in the same way as do the glass slide, the cover- 
slip, and the glass of which the obje<*tive is made. For 
this puqwse a drop of oil of the Siune index of refrac;- 
tion as the glass is placeil \\\Hm the face of the lens, and 
the examinations an* made through this oil. Then* is 
thus no loss of light from deflection, as is the case in 
the dry systems. 
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The m^-atagei condmnng apparalun ia a system of 
leiiHes Hituated beneath the central opening of tbe stage. 
They serve to coiidenae the light passing from the 
i-efleotor to fbe ubjwt in such a way that it is f<K:nsAcd 
npon tbe objeet, thus fiiriiiHhing tbc greatest amount of 
illiuiiiuatiun. Between the condenser and reflector is 
placed an adjustable diapbragm, tbe iipcrtnre of wbii-Ji 
can !)e regulated, as cirfumstaiK^a refjuire, ti> permit of 
either a very small or very large amount of ligbt pass- 
ing to the object, 

Microscopic Examination of Cover-slips. — 
Tbe stained cover-slip is to be examined with tbe oil- 
immersion objective, and with the diaphragm of the 
sub-stage condensing apparatus open to its full estt^nt. 
The object gained by allowing tbe light to enter in such 
a large volume is that the wHitrast prodncetl by the 
colortfl laeteria in the brightly illuminated Held is 
much more i»nspienons than when a smaller amount of 
ligiit is thrown npou them. This is true not only for 
stained bacteria on wver-slips, but likewise for their 
diSerentiatiou from surrounding obje<'ta when they are 
located in tissues. With unitained bacteria and tissues, 
on tbe contrary, the structure can I)e9t be made out by 
reducing tbe bundle of light-raya to its smallest 
amount, and in this way favoring, not i-ohr cojilra^, 
but contrasts which apjiear a* ligkls and thadowa due to 
the differences in iwrmeability to light of the various 
parts of the material under examination. 

Steiw in ExASiiNiNO Stainei) Prkpa rations 
WITH TUB O11.-1MMEHSI0N System. — I'W^ njMm tbe 
centre of the cover-slip which covers tbe pi-eparation a 
small drop of immersion oil. Place the slide uiwn the 
centre of the stage of the micro8co|)e. With the coarse 
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adjustment lower the oil-immersion objective until it 
jud touches the drop of oil. Oi)en the illuminating 
apparatus to its full extent. Then, with the eye to the 
microscope and the hand on the fine adjustment, turn 
the adjusting screw toward fhe right until the field be- 
comes somewhat colored in appearance. When this is 
seen, proceed more slowly in the same direction, and, 
after one or two turns, the object will be in focus. Do 
not remove the eye from the instrument until this has been 
accomplished. 

Then, with one hand upon the fine adjustment and 
the thumb and index finger of the other hand holding 
lightly the slide by its end, the slide may be moved 
about under the objective. At the same time the screw 
of the fine adjustment must be turned back and forth so 
that the different levels of the preparation may one after 
the other be brought into foc»us. In this way the whole 
section or preparation may \)c insiK*cted. When the 
examination is finished, raise the objective fn)m the 
prei)aration by turning the screw of the coarse adjust- 
ment toward you. Remove the prei>aration fn)ni the 
stage, and, with a fine silk cloth or handkerchief, icipe 
very gently and carefully the oil from the face of the lens. 
The lens is then uns<*rewed from the microscoj>e and 
placed in the case intended for its reception. 

During work, of course, the lens neeil not l>e cleaniHl 
and put away after ea<*h examination ; but when the 
work for the dav is over, an immersion lens must alwavs 
l>e protecte<l in this way. Under no circumstances shoukl 
it be allowwl to remain in the immersion oil or exposcnl 
to dust for any length of time. 

Examination of Unstainkd PnKPAnATioNs. — 
^^ Hanging dropaJ^ It imjuently Ix'coines lunrssjiry to 
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examine baeteria in the unstained condition. The eir- 
eumstiuices calling for this arise wliile studying the 
multiplication of cells, the germination of spores, the 
formation of spores, and the absence or presence of 
motility. 

In this method the organisms to be studied are sus- 
pended in a drop of salt solution or bouillon in the 
centre of a cover-slip. This is then placed, drop down, 
upon an object-glass in the centre of which a hollow or 
depre^ssion is ground (Fig. 32). The slip is held in posi- 
tion by a thin layer of vaselin, which may be painted 
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Hollow ground-glass slide for observing bacteria in hanging drops. 



around the nuirgins of the dc])rcssion. This not only 
prevents the slip from moving from its [K)sition during 
examination, l)ut also prevents drying by evaporation if 
the preparation is to be observed for any length of 
time. This is known as the ** hanging-<lrop" method of 
examination or cultivation. It is indispeusiible for the 
pur[)oses mentioned, and at tlie same time recjuires con- 
siderable care in its manipulation. The fluid is so trans- 
j)arcnt that the cover-slij> is oflen broken and the fac*e 
of the objective injured l)y its l)eing brought down upon 
the prej)aration before one is aware that the focal dis- 
tance has been reached. This may be avoided by grasp- 
ing the slide with the left hand and moving it back 
and forth under the ol)jective as it is brought down 
toward the object. As soon as the leant jn'e.'<8ure is felt 
upon the slide the objective must be raised, otherwise 
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the cover-slip will be broken and the lens may be ren- 
dered worthless. 

A safer plan is to bring the edge of the drop into the 
centre of the field with one of the higher power dry 
lenses. When this is accomplished, substitute tlie im- 
mersion for the dry system, and the edge of the drop 
can now easily be found. 

In examining bacteria by this method there is a pos- 
sibility of error that must Ix? guarded against. All 
microscopic insoluble particles in suspension in fluids 
possess a peculiar tremor or vibratory motion, the so- 
called "Brownian motion." This is very apt to give 
the impression that the organisms under examination 
are motile, when in truth they are not so, their move- 
ment in the fluid being due only to this molecular 
tremor. 

The diflTcrence between the motion of bodies under- 
going this molecular tremor and that {X)sse8sed by cer- 
tain living Imcteria is that the former particles never 
move from their place in the field, while the living 
bacteria alter their }>osition in relation to the surround- 
ing organisms, and may dart from one jM)siti()n in the 
field to another. With some cases the true movement 
of bacteria is very slow and undulating, while in others 
it is raixid and darting. The molecular tremor may be 
seen with non-motile and with dead organisms. 

Note. — Prepare three hanging-<lroj) preparations — 
one from a drop of dilute India-ink, a second from a 
culture of micrococci, an<l a third from a cultun* of 
the bacillus of typhoid fi^ver. In what way do they 
diifer? 

8* 
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Study uf SpORE-txiBMATioN. — Thu hanging-drt 
TUetli(K] jiiBt mentioned is nut only employed fur tEu 
detection of the motility of an oi^iiism, but also fat 
the study of its sjTOre-forming pniiwrties. 

Since with aerottic organisms sporc-formntion oecun 
a8 a rule, only in the presentre of oxygen, and is induce 
more by limitation of the nutrition of the organism 
than by any other factor, it is essential tiiat these tw 
points should be borne in mind in preiiarlng the dn 
fultures in wliieh the process is to be studied. F« 
thit4 reason the drop uf bouilluii should be small i 
the air-fhaniber relatively lai^'. 

The cover-slip and hollow-ground slide should 1 
carefully sterilised, and with a sterilized platinum loop 
a very small drop of bouillon is placed in the eentro of 
the cover-slip. The slip is then inverted over the hollow 
depression in the sterilized object-glass and sealed with 
vaselin. The most convenient method of jjerformiog 
this last step in the |)nK«ss is to paint a ring of vaselin 
around the edges of the hollow in the slide, and then, 
without taking the cover-slip up fntm the table upon 
which it restH, invert the hollow over the drop and 
press it gently down U|)im the cover-slip. The vasclutra 
causes the slip to adhere to the slide, so that it can % 
easily taken up. The drop now hangs in the oentre q 
tile small air-tight chamber which exists between 1 
depression in the slide and the cover-slip. (See ] 
32, page 164.) 

A very thin drop of sterilized t^r-agar may be sxAtt 
Btituted for the bouillon. It serves to retain the org 
isms in a fixed jmsition, and the process may be moi 
easily followed. 

As soon as Gnbhed, the pre(>aratiou is to be cxai 
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ined microscopically, and the condition of the organ- 
isms noted. It is then to be retained in a warm 
chamber especially devised for the purpose and kept 
under continuous observation. The form of chamber 
best adapted for the purpose is one which envelops the 
whole microscope. It is provided with a window 
through which the light enters, and an arrangement for 
moving the slide about from the outside. The forma- 
tion of spores requires a much longer time than the 
germination of spores into bacilli, but with patience 
both processes may be satisfactorily observed. 

It will be noticed that the description of this process 
is very much like that which lias just been given, but 
diflFers from it in one resjiect, viz., that in this manip- 
ulation we are not making a preparation which is simply 
to be examined and then thrown aside, but it is an actual 
pure culture, and must l>e kept as such, otherwise the 
observation will be worthless. For this reason the 
greatest care must be observed in the sterilization of all 
objects employed. Studies upon spore-formation by this 
method frequently continue over hours, and sometimes 
days, and contamination must, therefore, be carefully 
guarded against. The study should l)e l)egun with the 
vegetative form of the organisms ; the hanging-drop 
preparation should, for this reason, always be made 
from a perfectly fresh culture of the organism under 
consideration, before time has elapsed for s{)ores to 
form. 

The simple detection of the presence or absence of 
spore-formation can in many ceases be made by other 
methods. F'or example, many species of l)a<*teria which 
|K)8sess this projKTty form spores most readily upon 
media from which it is somewhat diHicult for them to 
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obtain the neot-ssary nutrition ; i«>tatoca and agar-agar ^ 
tbat liave become a little dry otfcr very iiivorsble 
conditions, becaiiac of the limited area from which the \ 
growing bacteria can dmw their nutritive suppliee and ' 
bfHianae of the free ac-CL'ss which they have to oxygen; 
for, their growth lieing iin tlic surface, they are sur- 
rounded by (big gas nnless means are taken to prevent i 
it. By the iiaT!ging-droi> method, liowever, more tlian 1 
tilts simple property may be determined. It is |>uasibla 
not only to detect tbo stages and 8te|w in tlie ibrmatiou i 
of endogenous spores, but whtn the H[)ore8 are completely , 
formed by transferring them to a fresh Ixiui lion-drop or ' 
dro|) of agar-agar, preserve*! in the same way, their ger- i 
mination into mature rods nnty be seen. The word 
dkIs is used bcoiitsc as yet we have no cvideuoe that I 
endogenous spore-formation occurs in any of the otlier ] 
morpholugit^al groups of baoteria. 

Study of CJelatin Culturks. — As has been pre- j 

viously statt^^, the behavior of luK^teria toward gelatin i 

differs — some of them prtHiiicing apparently no altera- J 

tion in the medium, while otiiers bring alxjut a form of J 
peptonization which results in liquefaction of the gela^ 

tin at and around the place at which the colonies are J 

growing. Tn some instances this liquefaction spreads 1 

laterally and downward, causing a saui«r-sha|)ed cxa- j 

vation, while in otiters the colony sinks directly down i 

into the gelatin and may be seun lying at the bottom of J 

a fiinncl-slia[)ed depression. These diff'ereni^s are OOB- '. 

stantly employed as one of the means of differentiating , 

otherwise closely allied members of the same family of j 

bacteria. Studies upon the spirillum of Asiatic cholera ■ 
and a numl>cr of closely allied species, for example, 

Hrveal a dw-ided difference in tlie form of Itquc&c- ' 
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tion produced by these difiTerent organisms. The 
slightest detail in this respect must be noted^ and its 
frequency or constancy under different conditions 
determined. 

Cultures on Potato. — A very important feature 
in the study of an organism is its growth on sterilized 
potato. Many organisms present appearances under 
this method of cultivation which alone can almost be 
considered characteristic. In some cases coarsely lobu- 
lated, elevated, dry or moist patches of development 
occur after a few hours; again, the growth may be finely 
granular and but slightly elevated above the surface of 
tlie |)otato; at one time it will be dry and dull in 
apix?arance, again it may be moist and glistening. 
Sometimes there is a proiluction of bubbles, owing to 
fermentation brought alx>ut by the growth of the organs. 

A most striking form of development on potato is 
that j)ossessed by the bacillus of typhoid fever and the 
bacillus of diphtheria. After the inoculation of a j)otato 
with either of these organisms there is no naked-eye 
evidence of a growth in either instance, though micro- 
scopic examination of scrapings from the surface of the 
potato reveals an active multiplication of the organisms 
which had l>een plantiHl there. The potato is one of 
the most important differential media which we possess 
for this work. 

Reaction Produced by ()r(janisms in their 
Growth. — The reactions produced in the nunlia by 
different organisms in the course of their growth are 
very valuable as means of differentiation. 

In some cases these changes are so marked that they 
are readily dete<*t<Hl by the coarscT reagents ; again they 
an; 8o slight as to recpiire the emploviHcnt of the most 
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delicate indk'nturs. Tliev are souietime!^ seen to prodm 
at one perind nf their growth ua alkaline, at anol 
[jeriod an acid reaction. This is seen in the cultures a 
the bacillus diphtheria of LtitHer. 

Tliese diSercDL^'S are best seen ufV'r the addition to t] 
media in which the organisms are to grow of some e 
the chemical substances which do not interfere with t 
development of the oi^nisms, but which nnder ( 
reaction are of one color, and witli au alteration nf t 
reaction bewime a different color, the change being in- 
diiated hy the play of colors. Snuli snhslances as litmus, 
in the form of the so-called "litmns tincture," 
coralline (rosolic acid) in alM)liolic solution have 
em])loy«l for this puriK»se, They may be added t< 
media in the projiortions given in the ('hapter on media, 
and the alterations in their colors studied with different 
liocteria. Milk and litmus tincture or peptone Bolutioa 
to which rosolie acid has l>een added are very favorahlt^ 
media for this experiment. 

Fn milk, coagnia will now and then ap^>ear as a r 
of acids pnxluccd during the I)acterial life, while again 
a<>ids may Ik- jtrodiicwl and yet no coagulation be noticed. 

Aniline Dypm ttiii Diffkrkntiai, Diacnosis. — 
The addition to solid media of some of the aniline 
dyes, fiiehain, methylene-blue, methylene-green, and 
several others, as well as combinations of these dyes, 
have been recommended as a means of differentiation of 
oi^nisms, the differences claimed to be produced con- 
sisting of alterations in the color of the media due to 
oxidizing or reducing properties of the growing bacteria. 
As yet but little has come from tliis method of work. 
It cannot at prtscnt be recommended as a reliable means 
of di^uosia. 
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Behavior toward Staining Reagents. — The 
behavior of certain organisms toward the diflTerent dyes 
and their reactions under special methods of after-treat- 
ment serve as aids to their diagnosis. With very few 
exceptions all bacteria stain readily with the common 
aniline dyes, but they differ materially in the tenacity 
with which they retain these colors under the subse- 
quent treatment with decolorizing agents. 

The tubercle bacillus and the bacillus of leprosy, for 
example, are difficult to stain, but when once stained 
retain their color under the action of such energetic de- 
colorizing agents as alcohol, nitric acid, oxalic acid, etc. 

Certain other organisms when stained with a solution 
of gentian violet in aniline-water, retain their color when 
treated with such decolorizing bodies as iodine solution 
and alcohol (Gram's method), while again others are 
completely decolorized by this method 

Many of them can only be treated with water, or but 
for a few seconds with alcohol, without losing their 
color. 

It is essential that these peculiarities should be care- 
fully noted in studying an organism. 

Fermentation. — The production ofgasasan indica- 
tion of fermentation is an accompaniment of the growth 
of some organisms. This is best studied in media to 
which 1 to 2 per cent, of grajx) sugar has been added. 

In this exj)eriment the test-tube should lx» filled to 
about one-half its volume with agar-agar. The me- 
dium is then liquefied, and when at the projwr tem- 
|)erature, a small quantity of a pure culture of the 
organism under consideration should 1)0 carefully dis- 
tributed through it. The tul)e is then placed into ice- 
water and rapidly solidified in the vertical position. 
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When solid it is placed in the iaciibator. After twenty- 
four to thirty-six hours, if tlie urgauism possesses the 
property of causing ftTuieiitation of sugar, the medium 
will Ite dotted everywhere with very small cavities oon- 
taiuing the gii^ that has resulted. 

This projjerty of fermentation with pnxiuction ufgas 
is of siich importanee as a differential uieane that latterly 
considerable attention has been given to it, and those 
who have been most intimately («nccrned in the devel- 
opmentof our knowledge on the siibjuet do not consider 
it enough to say tliat the growth of an organism " is 
ait-omimnii^i by the |irodnetiou of gas-bub ble.s," but 
that iiudcr given cimditions we should determine not 
only the amonnt of gus prodiiwd by the organism under 
consideration but also its qnality. For this i)iirpose 
Smith' recommends the employment of the fermenta- 
tion-tnlw? used by Einhorn in the qimntitative fermenta- 
tion test for sugar iu the urine. It is a tul)e bent at an 
acute angle, closed at one end and cnlar^etl with a bulb 
at the other. At the bend the tube is constricted. To 
it a glass foot is attached so that the tube may stand 
upright. (See Fig. 33.) To fill the Ud)e the fluid 
(thoy are only iiseil with fluid mi-dm) is poured into the 
bulb until tliia is about half full. The tulx^ ia then 
tilted until the closed arm is nearly horizontal, so tliat 
the air may flow out into the bulb and the fluid flow 
into the closi-d arm to take its pWie. When this 
has l)een completely filled enough fluid should lie 
added to cover the lowest expanding jrartion of the 
bulb and the opening of the bulb plugged with cotton. 
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Fig. 33. 



They are then to be sterilized. During sterilization 
they are to be maintained in the upright |)osition. 
Under the influenw of heat the 
tension of the acjueous vajwrs in the 
closed arm forces most of the fluid 
into the bulb. As the tubi»s cool 
the fluid returns to its place in the 
closed arm and fills it again with the 
exception of a small space at the top 
which is occupied by the air origi- 
nally dissolved in the liquid and 
which has been driven out bv the 
heat. The air-bubble should l)e 
tilted out after each sterilization, and 
finally, after the thinl exjwsure to 
steam this arm of the tul>e will Ix) 
free from air. 

The medium em ploy chI is Iwuillon 
wjntaining some fermentiible cjirlx)- KinhornH^frnncnutiou. 

hydrate, as glucose, lactose, or sjic- 
charose. After inoculation the flasks arc placed in tlie 
incubator and the amount of gas tliat collects in the 
closed arm is, from day to day, notcil. 

From studies that have bwn made this gjis consists 
usual Iv of about one part bv volume of carbonic acid and 
two j)arts by volume of an explosive gas consisting 
largely of hydrogen. For determining the nature and 
quantitative relations of these gases Smitli* nH*ommends 
the following pr<K*^Hlure : " The bulb is completely 
filKil with a 2 per cent, solution of scnlium hydn)xide 
(NaOlI) and closeil tightly with the thumb. The fluid 




> Loc. cit., |). 196. 



174 



RACTF.ftlOLOor. 



is KJiaken tlionjughl v with the gas ant! allowed to flow 
back and forth from bulb to dosed braiicli and the re- 
verse several times to insure intimate eoiitaet of the 
CCJ, with the alkali. Ijastly, befoi-e removiw/ the 
till Oie gait i» allowed to collect in the dosed braneh, e 
that uone may escape when tlie thumb is removed. 
CO, 1)6 present a partial vacmira in the elosed branch 
causes the fluid to rise suddenly when the thumb is 
removed. After allowing tlie layer of foam to subside 
Boniewliat the spaee owupiod by gas is again measured, 
and the (litTerenec between this amount and that mea»- 
unnl iM'fiiri' shaking with the sodium hydroxide solution 
gives the proportion of COj absorbed. The explosive 
eharacttT of the residue is determined as follows : The 
cotton plug is replaced and the gas from the cluscd 
braueli 'm allowed to flow into the bulb and mix with 
the air there present. The plug is then removed and a 
lighted mateh inserted into the mouth of the bulb. 
The intensity of the explosion varies with the i 
of air present in the bulb." 

CULTIVATION Without Oxyoen, — As we haw 
already learned, there is a group of oi^uisms to whid 
the name "anaerobie organisms" has been given, whiqj 
arc characterized by their inability to grow in the pre 
enee of oxygen. Fur the cultivation of the membeMI 
of tJiie group a numl»er of devit-es are employed for tl 
exclusion of oxygen from the cultures. 

Koch's titelhod. Koch covered thesurfaceofagelatJiM 
plate, which had been prtiviuusly inoculat^l, with a thin 
sheet of sterilized isinglass. The organisms whic) 
grew beneath it were supposed to grow without o 

Hesse'g method. IIcwsc [wurcd sterilized oil npon ti 
surfiu'c of a culture made by stabbing into a tul)e on 
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gelatin. The growth that occurred along the track of 
the needle was supposed to be anaerobic in nature. 

Methods of Libonus. Liborius has suggested two 
useful methods for this pur[)ose. The one is to fill a 
test-tube about three-quarters 
full of gelatin or agar-agar, 
which, after having been ster- 
ilized, is to be kept in a vessel 
of boiling water for ten min- 
utes to ex})el all air from it. 
It is then rapidly cooled in 
ice-water, and when between 
30° and 40° C, still fluid, is 
to be inoculated and very rap- 
idly solidified. It is then 
sealed up in the flame. An- 
aerobic bacteria develop only 
in the lower layers of the 
medium. Another methcwl is 
that in which he employs a 
si)ecial tube, known as " the 
Liborius tube." Its construc- 
tion is shown in Fig. 34. 

Through the side tube hydrogen is passtnl until all air 
is exiKilled ; the contnicted parts, both of the neck of 
the tulxi and the side arm, are then sealed in the flame.* 
This tube can be used for either solid or liquid media, 
but, owing to its usual small capacity, gives better re- 
sults with fluid media. (For precautions in using the hy- 
dn)g(»n method see note to Friinkcrs mcthwl, page 178.) 

* As the tubes come from the maker the contracte<l i^arts marke<l x In the 
cut are usually so thick as to render the Healing in the flame during the ]>as- 
sage of hydn)gen somewhat troublesome : it Is better to draw thcni out in the 
flame quite thin before passing the hydrogen into the tube. This makes the 
final sealing a matter of no difficulty. 
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cultures. 



176 



BACTEHlOLO&y. 



Mellioil of Bacliner. Tlie plan siiggcstwl hy BuchueT 
of allowiiig the cultures to develop in an atmosphere 
robbwl of its oxygen by pjTogallie acid gives very good 
remiltM. In thici inctbod tlic eiilture, whieli is either fl 
slant or stab eultnre in a test-tube, is ploixd — tub( 
(■otton plug, and all — inUi a larger tnlje in the bottoiS 
of which has been de|iosit«d 1 gramme of pyrogallic 
acid and 10 e.e. of ^ normal' can.stie |)otaslt sohitiou, 
The larger tiil>c is then tightly plugged with a rubber 
etopiier. The oxygen is quickly absorbed by the pyro- 
gallic acid, and the organisms develop in the remaining 
constituents of the atmosphere — nitmgeu, a small 
amount of Cl).„ and a ti-ara of ammonia. 

3fdfiod of C. Frnnkel. Carl ]'>iiiikel sufi^testa the 
ibllowing as a unMlifi«ition of or snltstitnte for tlic 
tubes of Liborius : The tube is first prepared a& if for 
an ordinary Ksman^h tube. The cotton plug is then 
rcplaixKl by a riibljcr 8to]i[K'r, through which [lasB two 
glass tubes. These must all iiave been sterilined in the 
steam aterilijwr Ix'fbre using. On the outer side of the 
8topi»er these two tuUs are bent at right angles to tlie 
long axis of the test-tube into which they are to be 
placed, and lioth are slightly drawn out in the gas 
Hame. At the outer extremity of both of these tubes Q 

I A nornul iwluUori !■ one tbat Foatalos In a Hire us niuny gmnitiiiit oT U] 
rllsolvo] aubstSQcE u are Indlcalod by lUmolecuiar equivalent. The equlta 
leuClBltMtamountof a chemical Rompouml whicb poascsw 
1ml Talne as dots aae Blum of hTdrugeti. For viiniplc: 
brdnichlaric acid (UC1| hu a molecuki vreight ■□(! oIki an ecjulTali 
weight of SB.i ; a molecule ot thin acid has Ibe eamu ubemlcal value ai oi 
atom or bydrogeu. In normal n>lullnii la thercloresn-.'i gramme* lo ibe ltd*. Jl 
Oq tbe other hand, lulpburlc acid (ilfSD,! contalaa Id each motecDle lira 
nsplaceable hTdrDgen atonu ; tU normal wluUoD [■ not, IbDivIbre. Sit geuamtt 
(lla molecular welKhl) to Iba Hue, but thai amoimt which would be eqelVB- 
leol cheiDlcally to one bydroffen atom, rit,. (u gnuumes (oue-balT Iti 
lar nelgbt) to tbe litre, A uonnil soluiloa oC cauulc potaib o 

grammea hi tbe litre ui tbe Dumber of lu molecular welgbl— aU'd 
les W the litre of water. 
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a plug of cotton is placed ; this is to prevent scceas of 
foreign oi^nisms during munipulation. At the inner 
side of the rubber stop]>er — thst is, the end which is to 
be inserted into the test-tube — the glass tubes are of 
different lengths: one reaches to within 0.5 cm. of the 
bottom of the test-tube, the other is cut oft' flush with 



1 



yt the calllnlloa of anHFinbic bacteria. 



the under surfiice of the stopiMT, This rul>l)er stopinr, 
witli its gloss tubes, is to n-pluce the cotton plug of tlie 
tcst-tul>e ; the outer end of the longer glass tulw is tJicn 
connected with a hvdnigen generator and liydn^'U is 
allowed to bubble through the gelatin (Fig. ^^'i, a) in 
the tulx^ until all containe^l air Iiils 1kh-ii oxiHillal and 
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its place taken by the hydrogen,' When tlie hydrc 
has been babbling through the gelatin for about f 
niinut«s {at least) one can be reasonably sure that t 
oxygen hds been expelled. The drawn-out portions of 
the tulKB t«n then be sealed in the gas-fium« without 
fear of an explosion. The protruding end of the rubber 
stopi>er ia tlien painted around with melted (>araffin and 
tlie tnlw rolled in the way given for onlinary Esmaroh 
tubes. A tube thus prepared and* containing growing 
colonies is shown in Fig. 35, B, 

The development that uiiw uecurs i.^ in an atmospfaerc 
of hydrogen, all oxygen having been expelled. During 
the operation the tube containing the liquefieil gelatin 
should be kept in a water-bath at a temperature suffi- 
ciently high to prevent' its solidifying and at the e 
time not high enough to kill the organisms with y 
it has been inoculated. 

One of the obstacles to the successful (wrformati 
this method is the bubbling of the gelatin, the f 
from which will often fill the exit tulxi and sometimes b 

' Before heelnnlnK ihe eiporlment II In dwaya wine to tetC the brdrogen, 
(. c, toseelhit Ills free from oiygen nndlhiirelBnodKniterQfan eiploelon, tor 
unlen tbls 1b done tbe etillre ■ppanlun mt.y be blown In jilena and » Ktlaui 
■evident occur, Tbc agents used abould be pure il tie, and pure sulphuric add 
of abnut 35 lo 3D per cenl. alnuiglb. Wbeu Ibe g«s le beglnnlug to be glveii 
o(r, tbe outlet of ibo generator ibould be olmed ami kept closed until Ibe gu 
leMrroIr U qolte filled witb hydrogEn. Tbe ouUet ibmild tben be opimed 
ami the eiiUre volume of gu allowed to escape, care being laken that no 
Oanie Ik in the nelghborbood. This abould be repeated again, aner vhieh a 
snmpleof ibe hydrogen generated ibouU) bo collected tu an luverlBi Icsl-Lube 
111 the oidlnaiy way for collecting gB»s over water, tIi.. by filling a t»l-tube 
with water, cloalDg lis moulb wllb the thumb, Inverting It. and placlog Ita 
moutb under water, wben, after removing Ibu thumb, the water wilt be kept 
In it by almospherlc prenure, Tbe bydrogen nhicb h flowing tram Iho open 
generator may be conveyed to the leat-tubc by a btl of rubber tubing. When 
the water has been replaced try the gas. hy holding a tlame near the open moulb 
ol ihe test-tube. If no eiplosion occiin. the bydrogen la aalb (o uae. SbouM 
Ibere bean explralan the proceaa must be repeated until tbe hydrogen ilmpl; 
bums with a colorlen flame. 
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forced from it. This may be obviated by reversing the 
order of proceeding, viz. : Prepare the Esmarch roll 
tube in the ordinary way with the organism to be 
studied, using a relatively small amount of gelatin, so 
as to have as thin a layer as possible when it is rolled. 
Then replace the cotton plug with the sterilized rubber 
stopper carrying the glass tubes through which the 
hydrogen is to be passed, and allow the hydrogen to 
flow through just a* in the method first given. The 
gas now passes over the solid gelatin instead of through 
it, and consequently no bubbling results. In all other 
respects the procedure is the same as that given by 
Frankel. 

Metiiod of KUoHcdo and We'd. For favoring the 
anaerobic conditions, Kitasato and Weil have suggested 
the addition to the culture media of some strong re- 
ducing agent. They recommend formic acid in 0.3 to 
0.5 per cent. ; glucose in 1.5 to 2 [)er cent., or blue 
litmus tincture in 5 per cent, by volume. This is, of 
course, in addition to an atmosphere from which all 
oxygen has l>een expelled. 

EsmarcKs method. Esmarch 's plan is to prepan* in 
the usual way a roll tube of the organisms ; subjwt it 
to a low temperature, and while quite cold fill it with 
liquefied gelatin, which is caused to solidify rapidly. 
In this metliod the colonies develop along the sides of 
the tubes, and can more easily be studiinl than where 
they are mixwl through the gelatin, as in the methcKl 
of Liborius. 

By some workers the oxyijen is remov(»d bv actual 
pumping with the air-pump. 

Many other methods exist for this special puri>ose, 
but for the lK»ginner those given will suftice. 
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From what has been said it may be inferred that the 
cultivation of anaerobic bacteria is a simple matter and 
attended with but little difficulty. Such an inference 
will, however, be quickly disiwlled when the beginner 
attempts this part of his work for the first time, and 
particularly when his eiforts are directed toward the 
isolation of these forms from other organisms with 
which they arc associated. The presence of spore- 
forming, facultative anaerolx^s in mixed cultures is 
always to be suspected, and it is this group that renders 
the tiisk so diffi^lt. At best the work requires undi- 
vided attention and no small degree of skill in bacterio- 
logical technique. 

IxDOL Produotiox. — The production of products 
other than those which give rise to alterations in the 
reaction of the media, and whose presence may be de- 
tected by chemical reactions, is now a recognized step 
In the identification of diffi^rent sj)ecies of bacteria. 
Among these chemical products there is one which is 
produced by a number of organisms, and whose presence 
may easily be detectal by its chanict<Tistic Ixihavior 
when treated with certain sub><tanccs. I refer to the 
body nifroso-indol, the rea<'tions of which were descril>ed 
by Bcyt^r in 18G9, and the ])r(»st»n<»e of which as a pro- 
<luct of growth of certain bacteria has sinc(» furnished a 
toj)ic lor considerable discussion. 

Indol, the name by which this body is now generally 
known, when actcil nj)on by reducing agents, is seen to 
become of a more or less conspicuous rose color. This 
body was recognized as one of i\w, j)roducts of growth 
of the spirillum of Asiatic cholcni first by Poel, and 
a short time subsecjuently by Bujwid and by Dunham, 
and for a time was thought to be i)eculiarly character- 
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istic of the g^o^vth of this organism. It has since been 
found that there exist other bacteria which also i)Ossess 
the property of producing indol in the course of their 
development. 

The method employed for its detection is as follows : 
Cultivate the organism for twenty-four to forty-eight 
hours at a temperature of 37^ C, in the simple peptone 
solution known as " Dunham's solution '' (see formula 
for this medium). This solution is preferred lx?cause 
its pale color does not mask the rose color of the reac- 
tion when the amount of indol present j|i very small. 

Four tubes should always be inoculated and kept 
under exactly the same conditions for the same length 
of time. 

At the end of twenty-four or forty-eight hours the 
test mav l)e nuide. Proceed as follows : To a tube con- 
taining 7 c.c. of the pi'ptone solution, but which has no^ 
l)een inoiMilated, add 10 drops of concentrateil sulphuric 
acid. To another similar tube add 1 c.c. of a 0.01 |)er 
cent, solution of sodium nitrite, and aftcrwaixl 10 drops 
of concentrated sulphuric acid. Observe the tubes for 
five to ten minutes. No alteration in their color ap|K^ars, 
or at least there will be no production of a rose color. 
They contain no indol. 

Treat in the same way, with the acid alone, two of 
the tulx's which have been inoculated. If no ros(» color 
ap|K»ars after five or ten minutes, add 1 c.o. of the scwlinm 
nitrite solution. If now no rose color is priMluced, the 
indol reaction mav be cousidennl asnc<rative. No indol 
is pr(»s(»nt. 

If indol is present, and the rosi* <'olor appears after 

the a<Idition of the acid alone, it is plain that not ouly 

indol has bwu formed, but likewisi^ a rcHlnciiig ImmIv. 

9 
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This IS found, by proper means, to be salts of nitrons 
acid. The sulphuric acid liberates this acid from its 
salts and [wrmita of its reducing action being brought 
into play. 

If the rose color ap)x»rs only after tlie addition of 
lK>th the acid and the nitrite solution, then indol has 
\M%n\ formed during the growth of the organisms, but no 
nitrites. 

C -ontrol the results obtained by treating the two re- 
maining (Miltures in the same way. 

The test is sometimes made by allowing eenoentrated 
a(!id to flow down the sides and collect at the bottom of 
the tube ; the reac^tion is then seen as a rose-colored 
zone overlying the line of contact of the acid and cul- 
tur(» uKHlium. This method is open to the objection 
that if indol is prcs(»nt in only a very limited amount, 
the rose color pnxluced by it is apt to be masked by a 
brown color that results from the charring action of the 
coin'cntrat^'d acid on the other organic matters in the 
culture nu<lium, so that its presence may in this way 
(»srap<' detection. In view oi' this, Petri re(^>mmend8 
i\n\ use of dilute sulphurit* a<'i<l. He states that when 
in<lol is pn^scnt the characteristic rose color apjx^rs a 
little more slowly with the dilute acid, but is more j>er- 
mancnt, and tluTc is never any danger of its presence 
Iwiuir iniusk(Hl bvthe o<»currcn(X3 of other (H)lor reai'tions. 

POINTS TO UK ORSKUVKl) IN I)p:s('UIHTX(J AN OlMJANTSM. 

The following is an outliueof points to l>e considert»d 
in describing a new organism or in identifving an or- 
ganism with one alrejidy describeil : 

1. Its source — as air, water, or soil. If found in the 
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animal body, is it normally present or only in patholog- 
ical conditions ? 

2. Its form, size, mode of development, occurrence of 
involution forms or other variations in morphology. 
Grouping, as in pairs, chains, clumps, zoogloea ; presence 
of capsule ; development and germination of spores ; 
arrangement of flagella. 

3. Staining peculiarities — esi>ecially its reactions with 
Gram's (or Weigert's fibrin) stain, and j)eculiar or 
irregular modes of staining. 

4. Motility — to he determined on very fresh cultures 
and on cultures in different media. 

5. Its relation to oxygen — is it aerobic, anaerobic, or 
facultative? Does it develop in other gases, as car- 
bonic acid, hydrogen, etc.? 

6. Both the macroscx)pic and mi(Toscopic appearance 
of its colonies on nutrient gelatin and on nutrient agar- 
agar. 

7. The apix»arance of its growth in stab and slant 
cultures on gelatin, agar-agar, blood-serum, and on 
I>otato. 

8. The character of its growth in fluid nunlia, as in 
bouillon, milk, litnuis milk, rosolic-acid-peptone solu- 
tion, and in lx)uilIou containing glucose. 

9. Does it grow l)est in acid, alkaline, or neutral 
media? 

10. Is the normal redaction of the medium altt^rcnl by 
its growth ? Is its growth accompanied by the produc- 
tion of indol ; is the indol associat<^<l with the c»oincident 
production of nitrites ? 

11. Is its growth accompauicKl by the production of 
gas, as evidenced by the appeamna; of gas-bubbles in 
the media — Ixjth in media containing fermentable jsugars 
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and those from which these bodies are absent? When 
cultivated in sugar-bouillon in the fermentation tube, 
what proi>ortion of gas is evolved under known con- 
ditions ? How much of this gas is carbonic acid and 
how much is explosive ? 

12. At what temperature does it thrive best, and the 
lowest and highest temperatures at which it will de- 
velop? What is its thermal - death-point, both by 
steam and dry-air methods of determining this point? 

13. What is its behavior when exposed to chemical 
disinfeetauts and antiseptics ? does it withstand drying 
and other injurious influences, both in the v^etative 
and spore stages ? The germicidal value of the blood- 
serum of diifercut animals may also be tried upon it. 

14. Its pathogenic })owers — modes of inoculation by 
whicli these are demonstrated ; quantity of material 
used in inoculation ; duration of the disease and its 
symptoms ; lesions produced, and distribution of the 
bacteria in the inoculated animal ; which animals are 
susceptible and which immune, and the character of 
its patliogcnic activities? Variaticms in virulence, and 
the probable cause to which they are due. Can they 
l)e produced artificially and at will ? 

15. The detection of siKH'ific, toxic, and immunizing 
products of growth. 



CHAPTER XII. 

Inoculation of animals— Subcatancous inoculation ; intre-Tcnous injection 
—Inoculation into the great serous cavities ; and into the anterior chamber of 
the eye— Observation of animals after inoculation. 

After subjecting an organism to the methods of 
study that we have thus far reviewed, there remains to 
be tested its action upon animals — i. e,, to determine if 
it possesses the property of producing dist^ase or not, 
and, if so, what are the path()h)gical results of its 
growth in the tissues of these animals, and in what way 
must it gain entrance to the tissues in order to produce 
these results. 

The means of deciding these |>oints is by inoculation, 
which is practised in different ways according to cir- 
cumstances. Most commonly a bit of the culture to be 
tested is simply introducwl Iwncath tlie skin of the 
animal, but in other cases it mav be newssjirv to intro- 
duce it directly into the vascular circulation or into one 
or the other of the great serous (»jivities ; or, for still 
other pur|K)ses of observation, into the anterior chamber 
of the eye, upon the iris. 

SuncrTANKors Inoci'latiox op^ Animaix — The 
animals usually emi)loyiKl in the laboratory for puriM)ses 
of inoculation are white mice, gray house-miw, guinea- 
pigs, rabbits, and j>ig(?ons. 

For simple subcutaneous in(H'ulation the steps in the 
process an* pnictically the same in all cases. The hair 
or feathers are to be carefully removed. If the skin 
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is very dirty it may be scrubbed with soap and water. 
Disinfection of the skin is impossible, so that it need 
not Ix? attempted. If the inoculation is to be by means 
of a liypodermatic syringe, then a fold of the skin may 
be lifted up and the needle inserted in the way common 
to this procedure. If a solid culture is to lie inoculated, 
a ff>ld of the skin may be taken up with the forceps 
and a pocket cut into it with scissors which have previ- 
ously l>oen sterilized. . This po<jket must be cut large 
enough to admit the end of tlie needle without its 
toudiing the sides of the opening as it is inserted. 
Ben(»ath the skin will l)e found the su])erficial and deep 
cx>nn(»ctive-tissue fas(na\ These must l>e taken up with 
sterilized forceps, and with sterilized scissors incised in 
a way corresponding to the opening in the skin. The 
pocket is then to be held open witli the forceps and the 
substance to be inserted is introduced as far Ixick under 
the skin and fa.<ci;e as possible, care being taken not to 
touch tiie edges of the wound if it can be avoided. The 
wound may be then simply pulled together and allowed 
to remain. No stitching or efforts at closing it are 
necessarv. 

During manipulation the animal must l>e held still. 
For this j)urpos(» special forms of holders have l)een 
devised, but if an assistant is to be obtained for the 
operation, the simple subcutaneous inoculation may be 
made without the aid of a mechanical holder. 

For mice, however, a holder is of much convenience. 
This picc<! of apparatus consists of a bit of board of alK)ut 
7 X 10 cm. and 2 cm. thick, upon which is tacked a hol- 
low, taj)ering roll of wire gauze, a truncjite<l cone of 
about (\ cm. long and of about l.o cm. in diameter at 
(me end and *2 cm. at its otiier end. 
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This is tacked upon tlie board in such a position that 
its long axis runs in the long axis of ihe t>oard, 
being equidistant from its two sides. Its small end is 
placed at the cdfjc of the lK«ird. The mouse is taken np 
by the tail by means of a pair of tongs and allowed to 
craw! into the smaller end of this wire cone. When so 
tar in that only the root of the tail projects, the animal 
is then fixed in this |>osition by a clamp and thiiml>~ 
screw, with which the apparatus (Fig. 36) is provided. 
The animal usually remains perfectly quiet and may be 
handled without dillicultv. 




Houxe-huMer, wllb moiue In proper posiUnn. 



The hair fn>m <)ver the root of the tail is to Ik; («re- 
fnlly cut away with the si^issurs, and a jHK-ket <nit 
thrt)iigli the skin at this |K)int. The iniK-uIation is 
then made into the loofie tissues under the nkin over 
this part of the lia<-k in the way that has just l)ecn 
descril)e<l. It is l)est always to insert the needle some 
distance ah>ng tlic sjiinal column, and thus deposit the 
material as far fn)m the siirJiice- wound as jHissiblc. 

As the snlx-utaneous oj>emtion is very simple and 
takes only a few moments, gntm'ii-pigs, rabbits, and 
pigeons arc Ix'st held by an assistant. The front h-ps 
in the one hand and tiie hind tegs in the other, with 
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the animal stretched upon its back on a table, is the 
usual position for the operation when practised upon 
guinea-pigs and rabbits. The i>oint at which the inoc- 
ulations arc commonly made is in the abdominal walls 
either to the right or left of the median line and about 
3 cm. distant. When pigeons are used they are held 
with the legs, tail, and ends of the wings in the one 
hand, and the head and anterior i>ortion of the body 
in the other, leaving the area occupied by the pectoral 
muscles, over which the inoculation is to be made, free 
for manipulation. The hair should be closely cut with 
the scissors in the case of the guinea-i)igs and rabbits, 
and the feathers pulled out in the case of the pigeon. 

IxjEcmox INTO THE CiKcuLATioN. — It is not infre- 
quently desirable to injwt the material under considera- 
tion directly into the circulation of an animal. If iXm 
nibhit is to be employed for the purpose, the oi)eration 
is usually done u|)on one of the veins in the ear. 

To tliosc who have had no practice in this prm^edure 
it offers a grcxit many difficulties; but if the directions 
which will W) given are strictly observed, the greatest 
of thes<' obstacles to the successful perforraanw of the 
operation may be overcome. 

Wlien viewing the circulaticm in the ear of the nibbit 
by transmitted light, three conspicuous branches of the 
main vessel [vena auricularh posterior) will be sec*n. 
One runs about ccMitrally in the long axis of the ear, 
one runs along its anterior margin, and one along its 
posterior margin. The central branch (the ramm ante- 
rior of the vena auricnlaris posterior) is tlie largest and 
most conspicuous vessel of the ear, and is, therefore, 
seh»ct<Ml by the inexperienced as the branch into which 
it would apj)ear easiest to insert a hypodermatic nciHllc. 
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This, however, is fallacious. This vessel lies very loosely 
imbedded in cxjnnective tissue, and in efforts to intro- 
duce a needle into it, rolls about to such an extent that 
only after a great deal of difficulty does the experiment 
succeed. On the other hand the posterior branch 
{i'amu8 laiei'alia posterior of the vena aunculaiia poste- 
rior) is a very fine, delicate vessel which runs along the 
posterior margin of the ear, and w hich is so firmly fixed 
in the dense tissues which surround it that it is pre- 
vented from rolling about under the point of the needle. 
The further away from the mouth of the vessel — that 
is, the nearer we approach its capillary extremity — 
the more favorable l>ecome the conditions for the success 
of the oi>eration. 

Selec^t, then, the very delicate vessel lying quite close 
to the [Kisterior margin of the cjir, and make tlie injec- 
tion as near to the apex of tlie ear as possible. The 
injection is always to be made from the dorsal surface 
of the ear. 

Of no less im[X)rtance than the sckn'tiou of the proper 
vessel, is the sha})e of the point of tlie ncH?dle employed. 

The hypoilermatic needles as they come from the 

makers are not suited at all for this operation because 

of the way in which their points are ground. If one 

examines carefully the j)oint of a new hypodermatic 

needle it will be seen that the long point, instead of 

presenting a flat, slanting surface, when viewe<l from 

the side, is more or less of a curved surface. Now, in 

efforts to introduce such a needle into a vessc^l of very 

small cjilibre, it is commonly seen that the extreme 

point of the ncnxUe, instead of remaining in tlie vessel, 

as it would do were it straight, very eoniinoiily projects 

into the opi)osite wall, and as the neetlle is insertixl 

9* 
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further and further into the tissues, it is usually pushed 
through the vessels into the loose tissues beyond, and 
the material to be injected is deposited into these tissues 
instead of into the circulation. If, on the contrary, the 
slanting point of tlie needle is ground down until its 
surfattc is ix»rf(HJtly flat, and when viewed from the side 
and no more curvature exists, then when once inserted 
into a vessel it usually remains there, and there is no ten- 
dency to penetrate through the op|X)site wall. We never 
use a new hypodermatic needle until its [)oint is carefully 
ground down to a perfectly flat, slanting surface and no 
more curvature exists. 

These differences may j)crhaj)s come out clearer if 
represont^^^l diagram maticnlly. 



Fig. 37. 

a 





H\ |K>tk'rmatic needles, a, Iinprof>er point ; h, proper shape of point. 

In P^ig. .'>7, a, the needle has the point usually seen 
when new. 

In Fig. o7, b, the point has been ground down to the 
shape lK\st suited for this operation. 

The ucchUcs n(M'(l not be returned to the maker. One 
can grind them to the shape desired in a few minutes 
upon an oilstone. 

The size of the needh* is that eommonlv employed for 
subcutaneous injections. 

When the operation is t4) be j)erformed, an assistimt 
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holds the animal gently but firmly in the crouching 
position upon a table. If the animal docs not remain 
quiet it is best to wrap it in a towel so that nothing but 
its head protrudes, though in the most cases we have 
not found this necessary, and particularly if the animal 
has not been excited prior to the beginning of the 
operation. 

The animal should be placed so that the oar u[)on 
which the operation is to be ])erformed comes betwet»n 
the operator and the source of light. This renders 
visible by transmitted light not only the (coarser vessels 
of the ear, but also their finer branches. The point at 
which the injection is to be made is to be shaved clean 
of hair, by means of a razor and soa[). 

The filled hypodermatic syringe is taken in one hand 
and with the other hand the ear is held firmlv. The 
|)oint of the needle is then inserted through the skin 
and into the finest j)art of the ramus jyosteriw, the part 
nearc»st the a|x»x of the ear, where the course of the 
vessel is nearly straight. When the |)oint of the 
needle is in this vessel it gives to the hand a sensation 
quite different from that felt when it is in the midst of 
connective tissue. As soon as one thinks the jK)int of 
the needle is in the vessel, a drop or two of the fluid 
may Ixi inje<'ted from the syringe, and if liis suspi(*i()ns 
are (X)rrect the circulation in the small ramifications and 
their anastomoses will (juickly alter in aj)jK»aranc(\ 
Instead of their containing blood, the (colorless fluid 
which is being injec^tcxl will now be seen to circulate. 
This must be carefullv observed, fi>r sometimes when the 
needle-]><)iut is not actually in the vessel, but is in the 
lymph-sj>aces surrounding it, an appearance somewhat 
similar is t4) 1h' seen. It may always be difltTcntiated, 
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however, by rontiitiiing the injection, when the rircij-^ 
lation of dear fluid tliroiigh the vessels will not only [ 
fail to take the pliu-o of the circulating blood but \ 
there will at the mme time uppear a localized swellioff J 
under the skin about the jwint of the needle. The J 
needle mnat then l>e withdrawn and insertrd into tbej 
vessel at a point a little nearer to its proximal end. 

Care must he taken that no air is injected. 

The hypodermatic syriuge and nei^Ue must, previons'n 
to operation, have been carefully sterilized in the steam I 
sttirilizer. The animal mu.^t bekeptundereloBeobscrva- J 
tion for aixiiit uu lioiir afler iiijwtiim. 



^^Mj^^^^^^^Qji^ 




1, Koeh'a (jTlujjc 



The Ibrm of syringe licst Hiiitetl for this oiteration ia 
of the ortlinary design, hut one that permits nf thorough | 
Hterilixation by sleam. It shoidd be made of glass and 
metal, withasl>esti>ri packings. Tliesyringi-seommonly , 
employed are tiiose shown in Fig. .'!«— .4, Koch'a; B,- 
Strohflehein's : 0, Overlack's. 
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The operation is one that cannot be learned from 
verbal description. It can only be successfully per- 
formed after actual practice. 

If the precautions whicli have been mentioned are 
observed, but little difficulty in |)crforming the opera- 
tion will be experienced. 

Its convenience and simplicity over other methods for 
the introduction of substances into the circulation com- 
mend it as an operation with which to make oneself 
familiar. The animals sustain practiailly no wound, 
they ex|)eriencc no pain — at least they give no evidence 
of pain — and no auajsthesia is required. 

INOCULATION INTO THE GRKAT SEKOUS CAVlTlI'>i. 

Inoculation into the perilaneum presents no difficulties 
if fluids are to be introduced. In this case one makes, 
with a pair of hot scissors, a small nick through the 
skin down to the underlying fasciae, and, taking up a 
fold of the abdominal wall l)et\v(^en the fingers, plunges 
the hyjKKlermatic needle through the opening just made 
directly into the peritoneal cjivity. There is no fear 
of j>enetrating the intestines or other internal viscera if 
the puncture is made along the median line at alK)ut 
midwav between the end of the st<Tnum and the svm- 
physis pubis. Though this may stH'in a rude meth(Kl, it 
is, nevertheless, the nirest of accidents to find that the 
intestines have Imen penetratiHl. The object of the 
primary incision is to lessen the chances of contaminat- 
ing the inoculation by bacteria locatinl in the skin, 
s(»me of whirh would adhere to the ne(Mll(» if it were 
plunged dinH'tly through the skin, and might roniplicate 
the ^^s^lts. 
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If solid 8iibstaiit«s, bits of tissue, ef«., art* to l>e intr 
(liiwd into tiie jieritoiicum it betimes netessarv to eon- 
duct tlic oj^eration tiix>n the lines of a lajmrotomy. The 
hair shonld Ire shaved from a small area over Uie median 
line, after whic-U the skin is to Iw thoroughly washed. 
A short longitudinal incision (alxint 2 cm. long) is thea . 
to 1)e niade in the median lino through the akin, and { 
down to the faaciee. Two sulK-utancous sutures, as 
em|)loyed by Hakted, are thro to 1)e introduced trans- 
veifie to the Hue iif incision !it about 1 ■■in. iijutrt, and ' 




liii-ir cnils left loos*?. This [larlieular sort, of suture 
does not pass through tlie skin, but the newUe is Intro- J 
dui«d into tlie subeutanoons tissues along the edge ofa 
the incision. In this ease they are to i>asfi into tlief 
abdominal eavity and out again, entering at one side of ' 
tile line of ineision and leaving at the other as indioled 
by the solid and dotted Hues in Fig. .3!). (This figure 
indicates the j)rin)ary opening through the skin. By the 
longiludinHldott(<d line is seen theojieningto be made into^ 
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the abdomen ; bvthe transverse clotted lines, witli their 
loose ends, the sutures as placed in position before (he 
abdomen is opened ; it will be seen that these sutures in 
all eases pass through the subcutaneous tissues only and 
do not penetrate the skin proi)er.) The oi)ening through 
the remaining layers may now be completed ; the bit of 
tissue dej)osited in the peritoneal (*avity, under precau- 
tions that will exclude all else ; tlie edges of the wound 
drawn evenly and gently together by tying the sutures, 
and the lines of incision dresstnl with collodion. It 
should be nec<lless to say that this operation must U) 
conducteil under the strictest precautions to avoid itimi- 
plii^tions. All instruments, sutures, ligatures, etc., 
must l>e crarefullysterilizeil either in the steam sterilizer 
for twenty minutes, or by boiling in 2 per eent. soda 
solution for ten minutes ; the hands of the o]>enitor, 
though they should not touch the wound, should Ix' 
carefully cleanscil and the material to Ikj intrcHluced 
into the alxlomen should be handled with onlv sterilized 
instruments. 

Inoculation into the pleural cavity is much less fre- 
quently calleil for — in fact, it is not a routine metlicKl 
employed in this work. It is not easy to ent(»r the 
pleural cavity with a hyp(Hlermatic needle without injur- 
ing the lung, and it is rare that conditions call for the 
introduction of solid particles in this locality. 

Inoculation into the anterior chamber of the eije is j)er- 
formed by making a puncture through the cornea just 
in front of its junction with the sclerotic, the knife l)eing 
[Missed into the ant<Tior chamber in a plaue parallel 
to the plane of the iris. By th<* aid of a fin(» pair of 
forceps the bit of tissue is pass(»<l through the opening 
thus made and is deposited upon tlu^ iris, where it is 
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allowed to remain, and where its pathogenic properties 
upon the iris can be conveniently studied. It is a mode 
of inoculation of very limited application, and is there- 
fore but rarely practised. It was employed by Cohnheim 
in demonstrating the infectious nature of tuberculous 
tissues, tuberculosis of the iris being the constant result 
of the introduction of tuberculous tissue into the 
anterior chamber of the eve of rabbits. 

OBSERVATION OF ANIMALS AFTER INOCULATION. 

After either of these methods of inoculation, particu- 
larly when unknown species of bacteria are being 
tested, the animal is to be kept under constant observa- 
tion and all that is unusual in its conduct notc^l — as, for 
instance, elevation of temperature ; loss of weight ; pecu- 
liar position in its cage ; loss of appetite ; roughening 
of the hair ; exwssive seiTctions, either from the air- 
passages, conjunctiva, or kidneys ; looseness of or hemor- 
rhage from the bowels; tumefaction or reaction at site of 
inoculation, etc. If death ensues in from two to four 
days it may reasonably be expect^nl that at autoj)sy 
evidence of either acute septic or toxic processes will 
l>e found. It sometimes occurs, however, that inocula- 
tion results in the ])roducti()n of chronic conditions, and 
the animal must be kept under observation, often for 
weeks. In these cases it is important to note the ]>ro- 
gressive changes that are in progr(\ss by their effln't 
upon the physical conditions of the animal, viz., upon the 
nutritive processes as evidenced by fluctuation in weight 
and upon tin* l)ody temperature. For this puriK)se the 
animal is to be wciy-Jied dailv, alwavs at about the simie 
hour and alwavs about midwav betwetui the hours of 
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feeding; at the same time its temperature as indi- 
cated by a thermometer placed in the rectum is to be 
recorded.^ By the comparison of these daily observa- 
tions with one another, one is aided in observing the 
course the infection is taking. 

Too much stress must not, however, l)e laid upon 
moderate and sudden daily fluctuations in either tem- 
perature or weight, as it is a common observation that 
presumably normal animals when confined in cages and 
fe<l regularly often present very striking temj)orarv gains 
and losses in weight, often amounting to 50 or 100 
grammes in twenty-four hours, even in animals whose 
total weight may not exceeil 500 or GOO grammes; 
similarly they are seen to experience unexplaiiuible rises 
and falls of temperature, often as much as a degrw 
from one day to another. Such fluctuations have appa- 
rently no l)earing upon the gen(?ral condition of the 
animal, but are i)robably due to transient causes, such 
as overfeeding or scarcity of foml, improjK^r f(?eding, 
lack of exercise, excitement, fright, et<*. 

The accompanying t^harts (Figs. 40, 41, 42, 4.*^) will 
serve to illustmte some of these points. The animals, 
two rabbits and two guinea-pigs, were taken at random 
from among the stock auimals and place<l each in a clean 
(^ge, the kind used for animals under experiment, and 
kept under jis good general conditions as j)ossible. For 
tlui first w(K*k the rabbits received each 100 gnimmes of 
green foinl (cabbage? and turnips) daily, and the guinea- 
pigs 30 grammes each of the siune fo(Kl. During the 
second week this dailv amount of fixnl was doubleil : 



* The thermometer must be Inserted into the rectum l)eyon(l the grasp of 
thCHphlncter, otherwise jiressure up<»n its iHilb by eontrnction of this ramcle 
may give results higher than the Hotnal Uxly temiiertiture. 
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• the third week it was quadrupled, and for.the 
1 fifth weeks thcv each received an exoe^ of 
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are not ti^itaily recovpred as the food is incrensed. With 
the guinea-pigs there is likewise at first a loss, but after i 
a short time the weight rciimins tolerably consbinf, and i 
is not as eonspieuoiisly affeettMi by the iiicrease in food i 
as one might exjiect. From the nHMi*dad temperatnres . 
one sees the pc-ciiHar fluctuations nientione<l. To just 
what they are due it is iinpiissible to say. It is mani- 
fest that tlie normal temperature of these animals, if we 
mn s[>cak of a normal temperature for animals present- 
ing such fluetuatioiis, is about a degree or more, Centi- 
grade, higher thau that of human beings. The animals 
from which these charts were made were not inoculated, 
nor were they subjected to any operative procedures 
whatever, the only deviations from normal conditions 
being the variations in the daily amount of food given. 
In certain instances, however, there will \xi noticed a 
constant tendency to diminution in weight, notwith- 
standing the daily fluctuations, and after a time a con- 
dithin of extreme emaciation may Ijc reached, the animal 
often Ijeing rednced to from 50 to 60 per «*iit. of ite 
original weight. In other cases, after inoculations to 
which the animal is not susceptible, rabbits in particular, 
if proi>erly fed, will frequently guin steadily in weight. 
The condition of progressive emaciation just mentioned 
is cimepicnously seen alW iiitra-vcnous inoculation of 
raltiiits with cultures of the badUwa lyj}hi abdomirmUa and 
of tlie bmifrium coli cofnmune referred to in the chapter 
on the latter orgauisni, and if looked for will doubtless 
bo Btva to follow inoculutiun with other organisms 
callable of producing chronic forms of infection, but 
which are frc<[iiently considered nou-pathogenie liecause 
of their inability to induce acute conditions. Not infre- 
quently in chronic infections there may be hardly any 
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marked and constant temj)eratiirc variations until juat 
before death, when there will sometimes l)C a rise and 
at other times a fall of temjx^rature. 

In the majority of cases, however, one must be very 
cautious as to the amount of strt^ss laid u[)on chants 
in weight and tem[)crature, for unless they are progres- 
sive or continuous in one or another dirw^tion they 
may have little or no signifi(»an(« in indicating the 
existence or absence of disease. 



CHAPTER XIII. 

Poet-mortem examination of animals— Bacteriological examination of the 
tissues— Disposal of tissues and disinfection of instruments after the exam- 
ination. 

DuRiNCJ the bacteriological examination of tlie tis- 
sues of dead animals, certain rigid precautions must be 
observed in order to avoid error. 

The autopsy should be made as soon as possible after 
deatli. If delay cannot l>e avoidcnl, the animal should 
be kept on ice until the examination can be made, other- 
wise decomposition sets in, and the saprophytic bacteria 
now present may interfere with the accuracy of results. 

Wlien tlie autoi)sy is to be made, tlie animal is first 
inspected externally, and all visible lesions noted. It 
is then to be fixed upon its back upon a board with 
nails or tacks. The four legs and the end of the nose, 
through which the tacks are driven, are to be moder- 
ately extended. Plates are now to \ki made from 
the site of inoculation, if this is subcutaneous. The 
surfac(^s of tlu^ thorax and alxlomen are then to be 
moistened to prevent the fine hairs, dust, etr., from 
Hoatiug about in the air and interfering with the work. 
An incision is then madci through the skin from 
the chin to the symphysis jnibis. This is only a skin 
incision, and does not reach deeper than the mus(^les. 
It is best done bv first makiu*!: a small incision with a 
scalpel, just large enough to permit of the introduction 
of one blade of a blunt-jminted scissoi*s. It is then 
coin[)leted with the scissors. The whole of the skin is 
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now to be carefully dissected away, not only from the 
abdomen and thorax, but from the axillary, inguinal, 
and cervical regions, and the fore and hind legs as well. 
The skin is then pinned back to the lx)ard so as to keep 
it as far from the abdomen and thorax as possible, for 
it is from the skin that the chances of contamination 
are greatest. 

It now becomes necessary to proceed very carefully. 
All incisions from this time on are to be made only 
through surfaces that have been sterilized. The sterili- 
zation is best accomplished by the use of a broad-bladed 
common knife that has beien heated in the gas-flame. 
The blade, made quite hot, is to be held u}X)n the 
region of the linea alba until the skin at that region 
begins to burn ; it is then held transverse to this line 
over about the centre of the abdomen, thus making two 
st<Tilized tracks through which the abdomen may be 
o|)ene<l by a crucial incision. The sterilization thus ac- 
complished is, of course, directed only against organisms 
that may have fallen u}K)n the surface from without, and it 
therefore need not extend deep down through the tissues. 

In the same way two burned lines may be made from 
(»ither extremity of the transverse line up to the top of 
the thorax. 

With a hot S(^issors the central longitudinal incision, 
extending from the i)oint of the sternum to the genitalia, 
is to Ik) made witliout touching the internal vis(*c»ra. The 
abdominal wall must therefore be held up during the 
oj>eration with sterilized forceps or hook. 

The cross incision is made in the same way. When 

this is completed, an incision through the ribs with a j>air 

of heavy, sterilize<l s(*issors, is made along the scon'hetl 

tracks on either side of the thorax. 

10 
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After this tlie whole anterior wall of the thorax may^ 
easily be lifted up, and by severing the counet'tidns with ' 
tlie diaphragm it may be completely removed. 

When this is done and the abdominal Haps laid liack, 
the contenta of lioth cavities are to be inspeeted and their 
condition noted without disturbing them. 

After this, the first stepa to l>e taken are to prepare J 
plates or Eamarch tubes from the blood, liver, spleen, 
kidneys, and any exudates that may exist. 

This 18 lieat done as follows : 

Heat a seatjtel quite hot and apply it to a small sur- 
face of the organ from which the cnltiirea are to be 
made. Hold it upon the organ until the surface dire<4ly I 
beneath it is visibly scorched. Then remove it, heat it I 
again, and while quite hot insert its ]K>int through Uie . 
capsule of the oi^n. Into the oi)ening thus made insert I 
a sterilized platinnm-wire loop, made of wire a little 1 
heavier than that commonly employed, I'rojcti tliis 
deeply into the tissues of the organ ; by twisting it 
about enough material from the wntre of the organ caa i 
be obtained for making the cultures. 

Aa the resiatan** offered by the tissues is sometimes 
too great t«) [wrmit of a pimcture with the ordinary J 
wire loop, Nuttall {CeaU-alblati Jiir Bakteiiologie und \ 
Pmaaitenkuml); 1H92, Bd. xi. p. 638) has devised for [ 
the purjiose a platinnm-wire sjtear which possesses eon- 
siderable advantage over the loop. It is of the form' ] 
seen in Fig. 44. It is easily made by beating a pieoe \ 
of heavy platiunm svire into a s[)car-head at one end, ' 
and perforating this with a small drill, as seen in the ' 
cut. It is attached by the other end to either a metal 
or jjliiw humilf, preferably the former. It can be | 
readily thnist into tlie densest of the soft, tissues, and 
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by twisting it about after its introduction particles of 
the tissue sufficient for examination are withdrawn in 
the eye of the spear-head. 

Pig. 44. 

= ( i 



NuttaU's platinum spear for use at autopsiei. 

The cultures from the blood are usually made from 
one of the cavities of the heart, which is always entered 
through a surface which has been burned in the way 
given. 

In addition to cultures, cover-slips from the site of in- 
oc'ulation, from each organ and from any exudates that 
may exist, must l)e made. These, however, are prepared 
fifter the materials for the cultures have l)een obtained. 

They need not be examined immediately, but may l3e 
placiKl aside, under cover, on bits of {mper upon which 
the name of the organ from which they were prepared 
is written. 

When th(» autopsy is com})lete and the gross appear- 
ances have \HHin carefully noted, small j)ortions of each 
organ are to l)e j)rt»served in 95 per cent, alcohol for 
subsequent examination. Throughout the entire auto})sy 
it must l)e lM)rnc in mind that all cultures, cover-slips, 
and tissues must Ik* carefully lal)elled, not only with the 
name of the organ from which they originate, but with 
the date, designation of the animal, etc., so that an 
ac<»ount of their condition after closer study may be 
sul)se([uently inserted in the protocol. 

The cover-slips are now to be staiue<l, mountcnl, and 
examinc^l mi<Toscopi(*ally, and the results (urefully note<l. 

The same may be said for the subsequent study of the 
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cultures and the hardened tissues which are to be stained 
and subjected to microscopic examination. The results 
' of microscopic study of the cover-slip preparations 
and those obtained by cultures should in most cases cor- 
respond, though it not rarely occurs tliat bacteria are 
present in such small numbers in the tissues tiiat their 
prc8(»nce may be overlooked microscopically, and still 
tliey may api)ear in the cultures. 

If the autoj)sy has been performed in the proper way, 
under the pretentions given, and sufficiently soon after 
death, the results of the bacteriological examination 
sliould l)c either negative or the organisms which 
aj)i)oar should l)e in pure cultures. 

This is particularly the case with the cultures made 
from th(; internal vis(*ora. 

Both the (M)ver-slips and cultures made from the point 
of iuiMMilation are apt to contain a variety of organisms. 

If the organism obtained in pure culture from the 
internal viscera, or those j)nKlominating at the point of 
in(K*ulation of the animal, have caused its death, then 
sul)se(|uent inoculation of pure cultures of this organ- 
ism int4) the tissues of a second animal should produce 
similar results. 

Wh(»n the autopsy is quite finisheil, the remainder of 
the animal should be bunied ; all instruments subjcx^ted 
to either sterilization bv steam or boiliny: for fifteen 
minutes in a 1 to 2 per cent, soda solution, and the Iwanl 
upon which the animal was tacked, as well as the tacks, 
towels, disiies, and all other implements usc^l at. the 
autopsy, are to 1h^ sterilizcnl by steam. All cultures, 
cover-slips, and, iudeinl, all articles likely to have 
inftvtious material u|H>n them, must Ik* tiioroughly 
sterilizeil Jis siK>n as thev an* of no further service. 



APPLICATION OF THE METHODS OF 

BACTERIOLOGY. 



CHAPTER XIV. 

To obtain material with which to begin work. 

Expose to the air of an inhabited room a slice of 
freshly stc»amed potato or a bit of slightly moistened 
brejid upon a plate for about one hour. Then cover it 
with an ordinary water-glass and plac^e it in a warm spot 
(temperature not to exceed that of the human body — 
*^7.5° C), and allow it to remain unmolested. At the 
end of twenty-four to thirty-six hours there will \ye 
scKjn u}X)n the cut surface of the bread or {wtato small, 
round, oval, or irregularly round patches which present 
various appearances. 

These differenc^es in macroscopic appearance are due, 
in some cases, to the presence or absence of color ; in 
others to a higher or lower degree of moisture; in some 
instances a j>atch will l>e glistening and smooth while its 
neighlH>r may be dull and rough or wrinkled ; here 
will a|)i>ear an island regularly round in outline and 
there an area covered by an irregular ragged deposit. 
All of these gross api)earances are of value in aiding us 
t4) distinguish betweim these colonies — for colonies they 
are — and under the same conditions the organisms com- 
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posing each of tliem will alwaj-s produce gi-owtlts of e; 
actly the same apjjcarauce'. It waw just such a 
mcnt as this, accidcntaliy ]K?rforraed, tliat suggested to 
Kot:h a meoue of sC|Miratiug aud isolating from mix- 
turt'a of bacteria the comjioucnt individuals in pure 
cultures, and It was from this olwervation that the 
mcUioilfl of cultivation on solid media were evolved. 

If, without molesting our cxjuTimeiit, we continue tlie 
oliservatiou from day to day, M-e shall notice chnnges in 
the colonies due to the growth and multiplication of the 
individuals composing tliem. In some cases tlie «>Io- 
nics will always ret:tin their sharply cut, round, or oval 
outline, and will increase but little in size beyond that 
reached after forty-eight to ecvcnty-two hours, whereas 
others will spread rapidly, and will very quickly over- 
run the surface u|M>n whit^i they are growing, and in- 
dee<l, grov over the smaller, leas rapidly developing 
colonies. In a number of instances, if the observation 
he continued long enough, many of tliesc rapidly grow- 
ing colonies will, afler a tJuie, lose their htstrous and 
smiwth or rc^nlartiurfaecandwillshow, at First here and 
there, elevations which will continue to apiiear until the 
whole surfai'e takes on a wrinkled apixsarauce. Again 
bobbles may be seen scattered through the colonies. 
These arc due to the C8t^ii>c of gas rcsuittug troiu fer- 
mentation which the orgiini&ms bring alx>ut in the 
medium u|>on wliicii they are growing. Sometimes 
piTuliar tKlors resulting from the same tause will be 
noticc<l. 

Note carefully all these ihangi's and api)eai'anccs, as 
they must b«' cmploji-d subsequently in identifying the 
iiiitividii:i! organisms fn)m wliicli wich atlony on the 
- diuiij li:is'dcvclu|HLd. 
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If now we examine these points upon our bread or 
potato with a hand-lens of low magnifying power we 
will be enabled to detect differences not noticeable to the 
naked eye. In some cases we shall still see nothing more 
than a smooth non-characteristic surface ; while in others, 
minute, sometimes regularly arranged, corrugations may 
be observed. In one colony they may appear as toler- 
ably regular radii, radiating from a central S}K)t ; and 
again they may appear as concentric rings ; and if by 
the methods which have l)een described we obtain from 
these colonies their individual oom}X)nents in pure cul- 
ture, we shall see that this characteristic arrangement 
in folds, radii, or concentric rings, or the production of 
color, is under normal conditions constant. 

So much for the simplest naked-eye experiment that 
can be made in bac^teriology, and which serves to furnish 
the beginner with material upon which to begin his 
studies. It is not necessary at this time for him to 
burden his mind with names for these organisms ; it is 
sufficient for him to recognize that they are mostly of 
different sjKH'ies and that they possess characteristics 
which will enable him to differentiate the one from the 
other. 

In order now for him to proceed it is necessary that 
he should have familiarizeil himself with the methods 
by which his media are prepared and the means era- 
j)loyed in sterilizing them and retaining them sterile — 
i. €., of j>reveuting the access of foreign germs from 
without — otherwises his efforts to obtain and retain his 
orgjinisms as pure cultures will l)e in vain. 

Kxi»()sruK AND Contact. — Make a number of plates 
from bits of silk used for sutures, after treating them 
SIS follows : 
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Place some of these pieces (about 5 centimetres long) 
into a sterilized test-tube, and sterilize them by steam 
for one hour. At the end of the sterilization remove 
one piece with sterilized forceps and allow it to brush 
against your clothing, then make a plate from it ; draw 
another piece across the table and then plate it. Sus- 
pend three or four pieces upon a sterilized wire hook 
and let them hang for thirty minutes free in the air, 
being sure that they touch nothing but the hook ; then 
plate them separately. 

Note the results. 

In what way do these experiments differ and how can 
the differences be explained ? 

Ex[)ose to the air six Petri dishes into which either 
sterilized gelatin or agar-agar has Ixxjn pourwl and allowed 
to solidify ; allow tiiem to remain exposed for five, ten, 
fifteen, twenty, twenty-five, and thirty minutes, in a 
room where no one is at work. Treat a second set in 
the same way in a room where several })ers()ns are 
moving about. Be careful that nothing touches them, 
and that they are exp )S(k1 only to the air. Each dish 
must be carefully labelled with the time of its exj)osure. 

Do they present different results? What is the rea- 
son for this difference? 

Which predominate, colonies resulting from the 
growth of bacteria, or those from common moulds? 

How do you account for this a)nditi()n? 



CHAPTER XV. 

Various experiments In sterilization by steam and by bot air. 

Place in one of the openings in the cover of the steam 
sterilizer an accurate thermometer ; when the steam has 
been streaming for a minute or two the thermometer will 
register 100° C; wrap in a bundle of towels or rags or 
pack tightly in cotton a maximum thermometer ; let this 
thermometer be in the centre of a bundle large enough 
to quite fill the chamber of the sterilizer. At the end 
of a few minutes' exposure to the streaming steam 
remove it ; it will be found to indicate a temperature 
of 100° C. 

Closer study of the jKinetration of steam has taught 
us, however, that the temj)erature which is found at the 
centre of such a mass may sometimes Ix) that of the 
air in the meshes of the material, and not that of 
stoani, and for this reason the sterilization at that 
point may not be complete, because hot air at 100° C. 
has not the sterilizing properties that steam at the 
same temperature possesses. It it necessary, there- 
fore, that this air should be expelled from the meshes 
of the material and its pla(ie taken by the steam be- 
fore sterilization is complete. This is insured by allow- 
ing the steam to stream through the substances a few 
minutes l)efore iK'ginning to calculate the time of ex- 
posure. There is as vet no absolutely sure means of 
saying that the temperature at the centre of the mass is 

tliat of hot air or of steam, so that the exact length of 

10* 
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time tliat is required for the expulsion of tlie air from 
the meshes of the material cannot be given. 

Determine if the maximum thermometer indicates a 
temperature of 100° C. at the centre of a moist bundle 
in the same way as when a dry bundle was employed. 

To about 50 c c. of bouillon add about one gramme of 
chopj>ed hay, and allow it to stand in a warm place for 
twenty-four hours. At the end of this time it will be 
found to contain a great variety of organisms. Continue 
the observation, and a pellicle will be seen to form on 
the surface of the fluid. This pellicle will he made up 
of rods which grow as long threads in parallel strands. 
In many of these rods glistening spores will be seen. 
After thoroughly shaking, filter the mass through a fine 
cloth to remove coarser particles. 

Pour iuto each of several test-tulx\s about 10 c c. of 
the filtrate. Allow one tul)e to remain unmolested in 
a warm place. Place another in the steam sterilizer for 
^wii miuuti's; a third for ten minutes; a fourth for 
one-half hour; a fifth for one hour. 

At tiie end of eacii of these exposures inoculate a tulR* 
of sterilized bouillon from each tube. Likewise make 
a set of plates or Esniarch tubes upon both gelatin and 
ag:ir-agar from each tube, and note the results. At the 
same time |)repare a set of ])lates or Esniarch tubes on 
agar-agar and on gelatin from the tube which has not 
been exposed to the action of the st^'anu 

The plates or tubes from the uninolesteil tube will 
})resent colonies of a variety of organisms ; separate and 
studv these. 

Those from the tube which has been sterilized for ?[\q 
V '11 present colonies in moderate numbers, but. 
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as a rule, they will represent but a single organism. 
Study this organism in pure cultures. 

The same may be predicted for the tube which has 
been heated for ten minutes, though the colonies will be 
fewer in number. 

The thirty-minute tube may or may not give one or 
two colonies of the same organism. 

The tube which has been heated for one hour is 
usually sterile. 

The bouillon tubes from the first and second tubes 
which were heated will usually show the presence of 
only one organism — the bacillus which gave rise to the 
pellicle-formation in our original mixture. This organ- 
ism is the bacillus aubiilis, and will serve as an object 
u|X)n which to study the difference in resistance toward 
steam lx?twecn the vegetative and spore stages of the 
same organism. 

Inoculate about 100 c.c. of sterilized bouillon with a 
very small quantity of a pure culture of this organism, 
and allow it to stand in a warm place for about six 
hours. Now subject this culture to the action of steam 
for five minutes; it will be seen that sterilization, as a 
rule, is wmplete. 

Treat in the same way a second flask of bouillon, in- 
oculateil in the same way with the same organism, but 
after having stood in a warm place for from forty-eight 
to seventy-two hours, that is, until the spores have 
formed, and it will be found that sterilization is not 
complete — the spores of this organism have resisted 
the acti(m of steam for five minutes. 

To determiue if sterilization is (H)mplete always resort 
to the culture methods, as the macroscopic and micro- 
sco])ic methods are deceptive ; cloudiness of the media 
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laid upon the bottom of the sterilizer, but should be sus- 
pended from a glass rod, which may be placed inside 
the oven, extending across its top from one side to the 
other. 

Place several of the infected threads in the centre of 
a bundle of rags. Subject this to a temperature neces- 
sary to sterilize the threads by the dry method. Treat 
another similar bundle to sterilization by steam. In 
what way do the two processes differ ? 



CHAPTER XVI. 

Suppuration— The staphyloooocus pyogenes aureus— Staphylococcus pyo- 
genes albus and citreus— Streptocoocus pyogenes— Bacillus pyocyanus— Gen- 
eral remarks. 

PuEPAUE from the pus of an acute abscess or boil, 
that has been opened under antiseptic precautions, a 
set of plates of agar-agar. Care must be taken that 
none of the antiseptic fluid gains access to the culture 
tulws, otherwise its antiseptic effect may be seen and 
the development of the organisms interfered with. It 
is best, therefore, to take uj) a drop of the pus upon the 
platinum-wire loop after it has been flowing for a few 
8(XK)nds ; even then it must he taken from the mouth 
of the wound and Ix^fore it has run over the surface of 
the skin. At the same time prepare two or three cover- 
slips from the pus. 

Micn)Scopic examination of these slips will reveal 
the prt\sen(»e of a large numlxjr of pus-cells, IxHh multi- 
nucleated and with horseshoe-shaped nuclei, some 
threads of disintegrated and nwTotic connective tissue, 
and, lying here and there throughout the preparation, 
small round IkkHcs which will sometimes apjK^ar singly, 
sometimes in jKiirs, and fre<piently will Ik» seen gn>uj)ed 
together somewhat like dusters of grai>es. (See Fig. 
46.) Thev stain readilv and are commoulv lo<»ated in 
the material iK'tween the pus-<vlls ; very rarely they 
may be siH»n in the |)rotopl:usmic biKly of tlie cell. 
(Comjwire the prt»paration with a similar one made 
from the pus of gonorrhea — see Fig. 46. In what 
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seen to be lozenge or whetstone in shape, while often 
they ap})car as irregular stars with blunt }X)ints, and 
again as irregularly lobulated dense masses. In struc- 
ture they are conspicuous for their density. Under the 
low objective they appear, when on the surface, as 
coarsely granular, irregularly round patches, with more 
or less ragged borders and a dark irregular central 
mass, which has somewhat the appearance of masses of 
coarser clumps of the same material as that composing 
the rest of the colony. Microscopically, these colonies 
are composed of small round cells, irregularly grouped 
together. They are in every way of the same appear- 
ance as those seen upon the original cover-slip prepa- 
rations. 

Prepare from one of these colonies a pure stab culture 
in gelatin. After thirty-six to forty-eight hours lique- 
faction of the gelatin aloug the track of the needle, and 
most conspicuous at its upj)er eud, will Ixj observed. 
As growth continues the liquefaction becx)mes more or 
less of a stockiug-sliai>e, and gradually widens out at its 
upper end into an irregular funnel. This will continue 
until the whole of the gelatin in the tube eventually 
becomes fluid. There can alwavs be noticed at the 
bottom of the licpiefying portion an oningc-colored or 
yellow mass c^omposed of a number of the organisms 
which have sunk to the bottom of the fluid. 

On potato the growth is quite luxuriant, appearing 
as a brilliant orange-i'olorcd layer, somewhat lobulated 
and a little less moist than when growing upon agar. 
It does not produc»e fermentation with gas-production. 
It belongs to the group of facultative aerobes. 

In milk it rapidly brings about coagulation with 
acid reaction. 
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It is not motile, and l)eing of the family of micro- 
cocci, does not form endogenous spores. It possesses, 
however, a marked resistance toward detrimental 
agencies. 

In bouillon it causes a diffuse clouding, and after a 
time presents a yellow sedimentation. 

This organism is the commonest of the pathogenic 
bac^teria with which we shall meet. It is the staphylo- 
coccus pyogenes aureus, and is the organism most 
freciuently concerned in the production of acute, cir- 
cumscribed, suppurative inflammations. It is almost 
everywhere present, and is the organism most dreaded 
by the surgeon. 

In studying its effects upon lower animals a number 
of iK)ints are to be remembered. While it is the etio- 
logicial factor in the produ(;tion of most of the suppura- 
tive processes in man, still it is with no little difficulty 
tliat these conditions can be reproduced in the lower 
animals. Its sulxiutaueous introduction into their tis- 
sues does not always result in abscess-formation, and 
wlien it does, there seems to have been some coincident 
interferencH? with the circulation in these tissues which 
renders them less able to resist its inroads. When 
iutroduc^ed into tlie great serous cavities of the lower 
animals it is not always followed by the production of 
inflammation. If the abdominal wivity of a dog, for 
example, l)e csire^fully oj)ened so as to make as slight a 
wound as possible, and no injury be done to the intes- 
tin(»s, hirge quantities of lx)uillon cultures or watery 
susjwnsions of this organism may, and rei)eatedly have 
Imh'u introduced into the peritoneum without the slight- 
est iniurv to the animal. On the contnirv, if some 
substance which acts as a direct irritiint to the intes- 
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tines — siifb, tor L'xntnple, as a small liit of jKitato tijmn 
wlitoh ttie ot^nisms are growing — is at the (*anio time 
intnxlticcd, or the intestines l>e met'hanieally injured, 
90 tliat there is a disturbance in their t-irculation, tJien 
thu introdiR-tioQ of theea.' oi^uisms is promptly fol- 
lowed liy aetitc and fatal [lerituuitis. (Halsted.) 

On the other hand, the resnlts whi«h follow their 
introduction into the eironlation arepractieallymnBtant, 
If one injects into the cirenlation of the rabbit through 
one of the veins of the ear, or in any other way, from 
0.1 to O.Se.e of abouilloii culture or watery siispeneion 
of a virulent variety of this organism, a fatal pyieraia 
always follows in from two and one-half to three days. 
A few hours before death the animal is fnsinently seen 
to have severe wnvulsions. Now and then exccsHlve 
Hceretion of urine is notieed. The animal may appear 
in moderately good eonditiun until from eight to ten 
honnf before death. At the antojwy a typiml pleture 
presentia; the voluntary mu«ele8 are «een to l>c marked 
here and there by yellow sjHibs, which average the fli^e 
of a flaxHci'd, and are of alxiut the suiie Kha|>e. They 
lie usually with their long axis running longitudinally 
Ix'tween the musele fibres. As the alxlominnl and 
tlioraeie Hivitifs an'0]K'ne<l the diaphragm is often seeo 
to be Btuddwl by thorn, Freiiuently the |»eri(ardinl sac' 
is distended with a elear gelatinous fluid, and almost 
eonstantly the yellow iioiiits are to hi- seen in the 
myocardium. The kidneys are rarely without them ; 
here tliey ap|K>ar on the surface scattered about as 
!iingle yellow iminls, or again, are seen as cfmglomemte 
masses of small yellow pointti wliieh otrupy, as a rule, 
the itrca fi-d by a single vi'!>,hi-I. If one makes a seotlon 
inio onit i.f iheee yellow jioints it will be seen U^ extend 
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deep down through the substance of the kidney as a 
yellow, wedge-shajwd mass, the base of the wedge being 
at the surfa(*e of the organ. 

It IS very rare that these abscesses — for abscesses these 
yellow points are, as we shall sec when we come to 
studv them more closelv — are found either in the liver, 
spleen, or brain ; their usual location being, as said, in 
the kidney, myocardium, and voluntary muscles. 

These minute abscesses contain a dry, (4ieesy, necrotic 
centre, in which the staphylococci are preseni in large 
numbers, as may be sc^n upon cover-slips prejwired 
from them. They may also Ixjobtaineil in pure culture 
from these suppurating foci. 

Preserve in Miiller's fluid and in alcohol duplicate 
bits of all the tissue in which the abscesst^s are located. 

When tlu^se tissues are hard enough to (Hit, sec^tions 
should l)e made through the abscess-jwints, and the 
histological changes carefully studied. 

MioK()SC()Pic Study of Cover-slii*s and Sections. 
— In c*over-slip prc^parations this organism st^iins readily 
with the onlinary dyes. 

In tissues, however, it is best to employ some method 
by means of which contnist stains may l)e employed 
and tlu» hnration and gn)uping of the organisms in the 
tissues HMidenKl more conspicuous. 

When staincnl, swtions of tissuc»s c»ontaining these 
small abscess(»s prc^sent the following apiK»arances : 

To the nakwl eve will Ik' schmi here and there in the 
section, if the absc»essc»s are very numennis, small, darkly 
stained arciis which range in size from that of a pin- 
jH)int up to those having a diameter of from 1 to 2 mm. 
These |H)ints, when in the .kidney, may Ik? n)und or oval 
in outline, or may apjwar wedge-sha|)ed, with the base 
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of the wedge toward the surface of the organ. The 
differences in shai)e depend freciuently ujK)n the direc- 
tion in which the section has been made through the 
kidney. In the muscles they are irregularly round or 
oval. 

When quite small they appear to* the naked eye as 
simple, round, or oval, darkly stained points, but w^hen 
they are more advanced a pale centre can usually l)e 
made out. 

When magnified, they appear in the earliest stages 
as minute aggregations of small cells, the nuclei of 
which stain intensely. Almost always there can be 
seen about the centre' of these cell-accumulations evi- 
dences of progressing necrosis. The normal structure 
of the cells of the tissue will l)e more or less destroyed ; 
theri^ will lx» seen a granular condition due to eell-frag- 
mentiition ; at different points about the centre of this 
area the tis^iue will ap|>ear cloudy and the tissue-cells 
will not stain readily. All about and through this spot 
will be seen the nuclei of pus-cells, many of which are 
undergoing disintegration. In the smallest of these 
l)eginning abscesses the staphylococci are to be S(H'n 
scattered al)out the centre of the necrotic; tissue, but in 
a mon* advanced stage they are commonly seen massed 
together in very large numbers in the form commonly 
referred to as emboli of micrococci. 

The localized necrosis of the tissues which is seen at 
the centre of the abscess is the dircH't result of the 
action of a poison ])ro(luced by the bact(»ria, and is the 
starting-point for all abscess-formations. 

When the j)rocess is souunvhat advanced the diiferent 
parts of the abscess arc more easily ib'tcctcd. Thcv then 
present in sections somewhat the following con(liti(»ns : 
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At the centre can be seen a dense, granular mass, which 
stains readily with the basic aniline dyes and, when 
highly magnified, is found to be made up of staphy- 
lococci. Sometimes the shape of this mass of staphylo- 
cocci corresponds to that of the capillary in which the 
organisms became lodged and developed. Immediately 
al)out the embolus of cocci the tissues are seen to be in 
an advanced stage of necrosis. Their structure is 
almost (completely destroyed, though it is seen to be 
more advanced in some of the elements of the tissues 
than in others. As we approach the periphery of this 
faintly stained ne<^n>tic area, it IxKHmies marked here 
and there with granular bodies, irregular in size and 
shajic, which stain in the same way as do the nuclei of 
the piis-cells and represent the result of disintegration 
going on in these cells. 

Bcnond this we cM)me ui)on a dense, det^ply stained 
zone, consisting of closely jwicked pus-o(»lls ; of granular 
detritus resulting from destructive pnKt^sses acting ujx)n 
these cells ; and of the normal cellular and connective- 
tissue elements of the part. Here and there through 
this zone will Ixjseen localized areas of Ixiginning death 
of the tissues. This zone gradually fades away into the 
healthy surrounding tissues. It constitutes the so-called 
"abscess-wall.'' 

Such is the picture presented by the miliary abscess 
when pnKliictKl exix?rimen tally in the rabbit, and it 
corres]K)nds throughout with the imthological changes 
which accompany the formation of larger abscesses in 
the tissues of human l>eings. 

From these small absc^esses in the tissues of the rabbit 
the stiiphylococcus pyogenes aureus may agtiin l)e ob- 
taiueil in pHre culture, and will prt^sent identically the 
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same characteristics that were possessed by the culture 
with which the animal was inoculated. 

The Less Common Pyogenic Organisms. — 
The pus of an acute abscess in the human being may 
sometimes contain other organisms beside the staphylo- 
coccus pyogenes aureus. The staphylococcus pyogenes 
albus and cUreus mav be found. The colonies of the 
former are white, those of the latter are lemon-color. 
Witii these exceptions they are in all essential cultural 
peculiarities similar to the staphylococcus aureus. As 
a rule they are not virulent for animals, and when they 
do possess pathogenic pro}>erties, it is in a nuK^h lower 
degree than is commonly the case with the golden 
staphylococcus. The streptococcus pyogenes is also 
sometimes present. The commonest of the pyogenic 
organisms however is that just descrilxHl — the staphylo- 
coccus j)yogen(^rt aureus. 

The STUKi'Tococcrs Pyo(jenes. — From a si>read- 
ing phlegmonous inflammation prepare cover-slips and 
cultures. What is the preilominating organism? Does 
it appear as irn^gular clusters of grai)es, or has its in- 
dividuals a definit(» regular arningement? Are its 
c^olonies like those of the staphylococcus j)Vogenes 
aureus ? 

Isolate* this organism in pure cultures. Tn these cul- 
tures it will l)e found on micros('oi)ic examination to 
present an arrangement somewhat like a chain of In'ads. 
(I^V47.) 

Determine its peculiarities and descril)c thein accu- 
nitelv. Thev should he as follows : 

Uj)on niicrosco])ic examination a micrococcus should 
Ik? found, but difVering in its arrangement from the 
staphylococci just described. The single cells are not 
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scattered irregularly or arranged in clumps similar to 
bunches of grapes, but are joined together in chains like 
strands of beads. These strands are sometimes regular 
in the arrangement and size of the individual cells com- 
posing them, but more commonly certain irr^ular parts 
may be seen in them. Here they appear as if two or 
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streptococcus pyogenes. 

three cells had fused together to form a link, so to 
speak, in the chain that is somewhat longer than the 
remaining links ; again, jwrtions of the chain may be 
thinner than the rest, or may appear broken or ragged. 
Commonly the individuals comprising tliis chain of cocci 
are not round, but appear flattened on the sides adjacent 
to one another. The chains are sometinu^ short, con- 
sisting of four to six («lls, or again they may l)e much 
longer, and extend from a half to two-thirds across the 
field of the microscoi>e. 

Under artificial conditions it sometimes grows well, 
and can Ih» cultivattnl through many generations, while 
again it rapidly loses it« vitality. When isolated from 
the diseased area upon artificial media it seems to retain 
its vitality for a longer period if replanted upon fresh 
media every day or two for a time ; but if the first 
generation is not treated in this way, but allowed to re- 
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main upon the original medium, it is not uneommon to 
find the organism incapable of further cultivation after 
a week or ten days. 

Under no conditions is the growth of this organism 
very luxuriant. 

On gelatin plates its colonies ap])ear after forty-eight 
to seventy-two hours as very small, flat, round jwints, of 
a bluish-white or opalescent appearance. They do not 
cause liquefaction of the gelatin, and in size they rarely 
exceed 0.6-0.8 mm. in diameter. Under low magnify- 
ing power they have a brownish or yellowish tinge by 
transmitted light, and are finely granular. As tlie 
colonies l)ec()me older their regular l>ordcr may become 
slightly irregular or notched. 

In stab cultures in gelatin they grow along the entire 
ne(Hlle-tnjck as a finely granular line, the gninules re- 
presenting minute colonies of the organism. On the 
surfiw^e the growth does not usually extend lx\yond the 
|X)iut of puncture. 

On agar-agiir plates the (X>lonies appear as minute 
j)early p(»iuts, which when slightly magnified are s(»i»n 
to l)e finely granular, of a light-brownish color, and 
regular at their margins. 

When smeared ujKm the snrfac(» of agar-agar or gela- 
tin slants the growth that results is a thin, pearly, 
finely granular layer, consisting of minute colonies 
growing closely side i)y side. Its growth is most 
luxuriant on gly(HTin agjir-agjir at the temperature of 
the incubator (37.5° (\), and least on gelatin. 

On blood-serum its colonies pres(Mit little that is 
chanicteristic ; they ai)pear as small, moist, whitish 
points, from ().() to 0.8 mm. in diameter, tiiat are 
slightly elevated above the surface of the serum. They 
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do not coalesce to form a layer over the surface, but 
remain as isolated colonies. 

On potato no visible development appears, but after 
a short time (thirty-six to seventy-two hours) there is a 
slight increase of moisture about the point inoculated, 
and microscopic examination shows that a multiplication 
of the organisms placed at this point has occurred. 

In milk its conduct is not always the same, some 
cultures causing a separation of the milk into a firm 
clot and colorless whey, while others do not produce this 
c^oagulation. The latter, when cultivated in milk of a 
neutral or slightly alkaline reaction, to which a few 
drops of litmus tincture has been added, produce a very 
faint pink color after twenty-four hours at 37.5° C. ; 
til is change in color is not apparently due to the pro- 
duction of acidity, as there is no coagulation, and the 
reaction of the milk when tested by delicate litmus or 
by curcuma paper is sometimes seen to be still slightly 
alkaline, and to remain so for several weeks. 

In bouillon it grows as tangled masses or clumps, 
which upon microscopic examination are seen to consist 
of long chains of cocci twisted or matted together. 

It grows best at the temperature of the body (37.5° 
C), and develops, but less rapidly, at the ordinary room 
tem})erature. 

It is a facultative anaerobe. 

It stains with the ordinary aniline dyes, and is not 
decolorized when subjected to Gram's method. 

It is not motile, and, being a micrococcus, doi»s not 

form 8ix)res. Under artificial conditions we have no 

reason to lx»lieve that it enters a stage where its 

resistance to detrimental agencies is increased. In 

the tissues of the body, however, it appears to jwssess a 

11 
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marked tenacity to vitality, for it is not rare to ob- 
serve recurrences of inflammator}' conditions due to this 
organism, often at a relatively long time after the 
primary site of infection is healed 

When introduced into the tissues of lower animals its 
effects are uncertain. Rosenbach and Passet claimed 
that protracted, progressive, erysipelatoid inflammations 
were produced, and Fehleisen, who described a strepto- 
coccus in erysipelas that is in all probability identical 
widi the streptococcus pyogenes now under considera- 
tion, stated that it produced in the tissues of rabbits 
(the base of die ear) a sharply defined migratory red- 
dening without pus-formation. As a rule, it is difficult 
to obtain any definite pathological alterations in the tis- 
sues of animals through the introduction into them of 
cultures of this organism by any of the metho<ls of in- 
oculation ordinarily prac^tiscd. 

This is the lUreptococcus pyogenes, and is the organ- 
ism most commonly found in rapidly spreading suppu- 
ration in contradistinction to the staphylococcus pyogenes 
aureus, whi(^h is most frequently found in cu'cumscrihed 
abscess-formations ; they may Ik* found together. 

If the opjwrtunity presents, obtain cultures from a 
<«se of erysi jwlas. Comjwire the organism thus obtained 
witiiihe strept<MXKX?U8 just mentioned. InoiHilatoa rabbit 
l)oth snlKUitanoously and into the circulation with alwut 
0.2 c^ c. of a pure culture of these organisms in l)ouillon. 
Do the results (H)rn»siK>nd, and do they in any way 
HUggi\st the results obtained with the staphylococ<»us 
pyogenes aureus when introdueed into animals in the 
same way? Do tlu^e stn^pt^KWM'i flourish readily on 
ortlinary nunlia ? 

The organisms that have just Ikm^u desoribed are (H>m- 
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monly known as the "pyogenic cocci'' of Ogston, 
Rosen bach, and Passet, and up to as late as 1885 were 
believed to l>e the specific factors concerned in the pro- 
duction of suppurative inflammations. Since tliat time, 
however, considerable modification of this view has 
taken place, and while they are still known to be the 
most common causes of suppuration, they are also known 
not to be the only causes of this process. 

With the more general application of bacteriological 
methods to the study of the manifold conditions coming 
under the eye of the physician, the surgeon, and the 
pathologist, results are constantly being obtained that 
do not accord with the view formerly held in regard to 
the specific relation of the pyogenic cocci to all forms 
of suppuration. There is an abundance of evidence 
now at command to justify the opinion that there are 
a numl>er of organisms not commonly classe<l as pyo- 
genic which may, under peculiar circumstances, assume 
this proj)erty. For example : 

The bacillus of typhoid fever has been found in pure 
culture in osteomyelitis of the ribs ; in acute purulent 
otitis media ; in abscess of the soft parts; in the pus of 
empyema, and in localized fibro-peritonitis, cither dur- 
ing its course or as a sequela of typhoid fever. 

The ba^^teriumcoli commune has l^een found to iK'pres- 
ent in pure culture in acute peritonitis ; in liver abscess ; 
in purulent inflammation of the gall-bladder and ducts; 
in appendicitis; and Welch* has found it in pure cul- 
ture in fifteen different inflammatory conditions. 

The micrococcus lanceolatus (pneumococcus) has been 
found to be the only organism present in abscess of the 

1 Welch: " CV)nditioii9 Underlying the Infection of Wounds," American 
Joum&l of the Medical Sciences, November, 1891. 
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soft parts ; in purulent infiltration of the tissues about 
a fracture; in purulent oerebro-spinal meningitis; in 
suppurative synovitis ; in acute pericarditis^ and in acute 
inflammation of the middle ear. 

Moreover, many of the less common organisms have 
been detected in pure cultures in inflammatory con- 
ditions with which they were not previously thought to 
be concerned, and to which they are not usually related 
etiologically. 

In consideration of such evidence as this, it is plain 
that we can no longer adhere rigidly to the opinions 
formerly held upon the etiology of suppuration, but 
must subject them to modifications in conformity with 
this newer evidence. We now know that there exist 
bacteria other than the "pyogenic cocci,'' which, though 
not normally pyogenic, may give rise to tissue changes 
indistinguishable from those produt*ed by the ordinary 
pus organisms.* 

THE BACILLUS PYOC^YANUS (BACILLUS OP GREEN PUS). 

Another common organism that may proi>erly be 
mentioned at this placi*, though ])orhaps not strictly 
pyoj^enic, is a baeilliis frequently found in discharges 
from wounds, viz., the hacillus pyocyanus, or bacillus of 
gnH'U j)us, or of blue pus, or of blue-green pus, as it 
is eoiiiiiionly ealle<l. The haeilhis pyo<;yanus is a 
delicjite rod with rounded or pointed ends. It is 
actively motile ; dcK'S not form spon\s. As seen in 
preparations made from cultures it is commonly clus- 



» Forn more detailed diHciiMtioii of the subject, sec " The Factors Concerned 
in the Production of Suppuration/' International Med. Mag., I'hila., May, 
1K92. 
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tered together in irregular masses. It does not form 
long filaments, there being rarely more than four joined 
together end to end, and most frequently not even two. 

It grows readily on all artificial media, and gives to 
some of them a bright-green color, that is most con- 
spicuous where it is in contact with the air. This green 
color is not seen in the growth itself to any extent, but 
is diffused through the medium on which the organism 
is developing. With time this color becomes much 
darker, and in very old agar cultures may become 
almost black (sometimes very dark blue-green, at others 
brownish-black). 

Its growth on gelatin in stab cultures is accompanied 
by liquefaction, and the diffusion of a bright-green color 
throughout the unliquefied medium. As liquefaction 
continues and the entire gelatin ultimately becomes 
fluid, the green (H)lor is confined to the superficial 
lavers that are in contact with the air. The form 
taken by the liquefying portion of the gelatin in the 
carlit»st stages of development is somewhat that of an 
irregular, slender funnel. (See Fig. 48.) 

On gelatin plates the colonies develop rapidly ; they 
are not sharply circumscril^, but usually presc»nt at 
first a fringe of delicate filaments alx)ut their periphery 
(see Fig. 49); as growth progresses and liquefaction Ire- 
c»omes more advanced the central mass of the colony 
sinks into the liquefied depression, while at the same 
time there is an extension of the colony laterally. At 
this stage the colony, when slightly magnified, may pre- 
sent various appearances, the most (*ommon being that 
shown in Fig. 50. 

The gelatin l)etwi»en the growing wlonies takes on a 
bright yellowish-green cx)lor, but as growth is com|)ar- 
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atively ra]>i<l, it Is quickly entirely liquefied, and one 
often sees the colonies floating about iu the pale^reen 
fluid. 




On afpir-agar tlic growth is dry, sometimes with a 
slight mchtllii' lustre, and is of a wliitisli or greeuish- 
while ii>lor, wliilc tlie surrounding agar is bright green. 
With tinu' this liright grii'n Ijecomea darker, ]«issing to 
hlue-frrtrn, iiiid timtlly turns almost hlack. 

On |)otnto the growth is hrowiiisli, dry, and slightly 
elevated iilx)ve tlio siirfac<'. With some Hilturi's the 
Itotatii alM)ut the growth iK-eonies gnH'n; with others 
\\m change is not so notieeahle. With many cul- 
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tures a pcKJuliar phenomenon may be produced by 
lightly touching the growth with a sterilized platinum 
needle. This phenomenon consists in a change of color 
from brown to green at the point touched. It is best 
seen in cultures that have been kept in the incubator 
for from seventy-two to ninety-six hours. It occurs 
in from one to three minutes after touching with the 
needle, and may last from ten minutes to half an hour. 
This is the " chameleon phenomenon '^ of Paul Ernst. 

In bouillon the green trolor apjxjars, and the growth 
is seen in the form of delicate flocculi. A very delicate 
mycoderma is also produced. 

In milk it causes an acid reaction, with coincident 
coagulation of the casein. 

On blood serum and egg albumin its growth is accom- 
panicHl by liquefaction. The growth on coagulated egg 
albumin is seen as a dirty-gray de{)Osit surrounded by a 
narrow brownish zone ; the remaining |K)rtion of the 
medium is bright green in color. As the culture becomes 
older the green may give way to a brown discoloration. 

In i^eptone solution (double strength) it causes a 
bluish-green (?olor. In one of four cultures from dif- 
ferent sounds there was only a blue color produced. 

It pnxluces indol. 

It stains with the ordinary dyes, and its flagella may 
l)e readily demonstrated by lioffler's method of staining. 

InoculcUion info animals. As a rule, cultures of this 
organism obtained din^ctly from the discharges of a 
wound are capable, when intnxluctKl into animals, of 
lighting up diseased (X)nditions ; but cultures that are 
kept on artificial media for a long time may in part, 
or completely, lost* this power. 

When guinea-pigs or rabbits are inoculatwl subcuta- 
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iieously with 1 c.c. of virulent fluid cultures of this 1 
oi^nism death uaiially results in fmni eighteen to 
tliipty-six hours. At tlie seat of inomilatinD there is 
found an exteusive pnrulent infiltration of the tisenes 
and a marked zone of inflammatory cudema. 

When introduced directly into the [)eritoneal cavity 
the results are also fatal, and at aut^ip^y a genuine I 
fibrinous i>eritonitia is found. There ia iisually an J 
aeoiimulation of serum in both the }>eritonoal aud pleural J 
uuvities. At autopsies after both methoda of inoculation f 
the organisms will be found in the blood and internal 
vis(«ra in pure cultures. 

When animals are inoculated with small doses (less 
than 1 c.c. of a Imuillon culture) of this organism, death 
may not ensne, and only a local ioflaramafory reaction , 
(abscess formation) may be set up. In these cases the j 
animals are usually protected against subsequent inocu- 
lation with doses that would otherwise prove fatal. 

Most interesting in connection with the bacilhis pyo- { 
cyanns is the fact, as brought out in the experiments of | 
Bouchard, and of Charrin and others, that its products ' I 
jjossess the jtower of counteracting the pathogenic activ- J 
ities of the bacillus anthraeis. That is to say, if a 
animal is inoculated with a virulent anthrax culture^ I 
and soon afl^r is inoeuIat<7d with a culture of the bacillus 1 
pyocyanus, the fatal effects of tlie former inocnlatioii J 
may be prevented. 

In the literature upon the green -producing o 
tliat have been found In inflammatorj' conditions, sev- 
eral varieties — believed to be distinct species — have been J 
deeoribeil, but when cultiv-atcd side by side their bio- 1 
If^ical differences are seen t« be so alight as to render it J 
^obable that they are but modifieations of one aud the | 
e species. 



CHAPTER XVII. 

Sputum septicsemia— Septicemia reenlting fh>m the presenoe of the micio- 
COCCU8 tetragenufl in the tisBues— Tuberculoeis. 

OiiTAiN from a tuberculous patient a sample of fresh 
sputum — that of the morning is preferable. Spread it 
out in a thin layer upon a black glass plate and select 
one of the small^ white, cheesy masses or dense mucous 
clumps that will be seen scattered through the sputum. 
With a jK)inted forct^ps smear it carefully upon two 
or three thin cover-slips, dry and fix them in the 
way given for ordinary cover-slip preparations. Stain 
one in the ordinary way with lioffler's alkaline methyl- 
lene blue solution, the other by the Gram method, the 
third after the method given for tul>ercle bacilli in fluids 
or sputum. 

In that stained by Lbffler's method — slip No. 1 — 

will be seen a great variety of organisms — round cells, 

ovals, short and long rods, perha|)S spiral forms. But 

not infre<|uently will be seen diplococci, having more 

or less of a lanc^^t shape ; they will be joined together 

by their broad ends, the points of the lancet being away 

from the [)oint of juncture of the two cells. There may 

also be seen masses of cocci which are conspicuous for 

their arrangement into groups of fours, the adjacent 

surfaces being somewhat flattenwl. They are not sar- 

cina, as one can see by the absence of the division in 

the third direction of space — they divide only in two 

directions. 

11* 
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Ill the slip stained by the Gram method the same 
groups of the cocci which grow as threes and fours will 
be seen, but our lancet-shaped diplococci will now' pre- 
sent an altered appearance — there can now be detected 
a capsule surrounding them. This capsule is very 
delicate in structure, and though a frequent accompani- 
ment is not constant. It can sometimes be demonstrated 
by the ordinary methods of staining, though the method 
of Gram is most satisfactory. (Fig. 52.) 

In the third slip, which has been stained by the 
method given for tul)ercle bacilli in sputum, if de- 
colorization has been properly conducted and no con- 
trast stain has been employed, the field will be color- 
less or of only a very pale rose color. None of the 
numerous organisms seen in the first slip can now be 
dete<*t(yd, but instead there will be seen scattered through 
the field very delicate stjiined rods, which present, in 
most instances, a consi)icuous beaded arrangement of 
their protoplasm — that is, the staining is not homoge- 
neous, but at tolerably regular intervals along each rod 
there is seen alternating intervals of light and color. 
These rods may be found singly, in groups of twos or 
three, or sometimes in clumps consisting of large num- 
bers. .When in twos or threes it is not uncommon to 
find them describing an X or a V in their mode of ar- 
rangement, or agjiin they will be seen lying parallel the 
one to the other. 

If con tnist stains are used, these rods will be detected 
and recognized by their retaining the original color with 
which thev have been stained, wliereas all other bac- 
teriainthe preparation, as well as the tissue-cells which 
are in the si)ntum, will take up the contrast color. 
(Fig. 51.) 
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Those delicate beaded rods are the bacillus ivberea- 
10818. The lancet-shaped diplococci with the capsule 
are the micrococcus lanceolaius. 

Fig. 51. 

■.. ' > \ 
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Tubercolous sputum stained by Gabbet's method. Tubercle bacilli seen as 

red rods ; all else is stained blue. 



The cocci grou[)ed in fours are tlie micrococcus ieira" 
genus, 

Inch'ULATIon Experiment. — Inoculate into the 
sulx^utaneous tissues of a guinea-pig one of the small 
white caseous mjisses similar to that which has been 
examined microscopically. If death ensues it. will be 
the result of one of the three following forms of 
infection : 

a, Septiciemia* resulting from the introduction into 
tlie tissues of an organism frequently present in the 
sputum. It exists under the various names : micro- 
c<K*<'us of sputum septiciemia ; diplococcus pneumonia ; 
pneinnococcus of Fninkel ; meningo<*oc»cus ; strepto- 

1 Septicaemia Is that form of infection in which the blood is the chief field 
of activity of the organisms. 
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ooocus lanceolatus Pasteuri ; microooocus lanoeolatas ; 
micrococcus Pasteuri ; coccus lanceolatus ; bacillus sali- 
varius septicus; bacillus septicus sputigenous; diplo- 
coccus lanceolatus capsulatus ; micrococcus pneumoniae 
crouposse. 

b. A form of septicemia resulting from the invasion 
of the tissues by an organism frequently seen in the 
sputum of tuberculous subjects. It is characterized by 
its tendency to divide into fours. It is the microooocus 
idragenus. 

c. Greneral or local tuberculosis. 

a. SPUTUM SEPTICEMIA. 

If at the end of twenty-four to thirty-six hours the 
animal is found dead, we may safely suspect that the 
result was producxid by the introduction into the tissues 
of the organism of sputum septicemia above mentioned, 
viz., the micrococcus lanceolatua, which is not uncom- 
monly found in the mouth of healthy individuals as 
well as in other conditions. 

In8|)ection of the seat of inoculation usually reveals 
a local reaction. " Tliis may be of a serous, fibrinous 
hemorrhagic, necrotic, or purulent character. Fre- 
quently we may find combinations of these c»onditions, 
such as fibro-pnrulent, fibrino-serous, or sero-hemop- 
rhagic."' The most conspicuous naked-eye change 
undergone by the internal organs will 1k» enlargement 
of the sph»en. It is usually swollen, but may at times 
\ye normal in api>carancc. It is sometimes hard, dark 
red, and dry, or it may Ix? soft and rich in blood. Fre- 
quently there is a limited fibrinous exudation over por- 
tions of the peritoneum. 

1 Welch : Johns IIopklD8 Hospital Bulletin, December, 1892, vol. iii. No. 27. 
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ExcM'pt in the exudations, the organi.sms are found 
only in the lumen of the bloodvessels, where they are 
usually present in enormous numbers. 

In the blood they are prat^tically always free and are 
but rarelv found within the iKxiies of leucocvtes. 

In stained preparations from the blood and exudates 
a capsule is not infrequently seen surrounding the 
orgsinisms. (Fig. 52.) This, however, is not constant. 

Fig. 52. 



Micrococcus lanccolatus in blood of rabbit. Stained by method of Gram. 

Decolorization not complete. 

If a drop of blood from this animal l)e introduced 
into the tissues of a sec<md animal (mouse or rabbit) 
identicjilly the same conditions will lx» repnKluceil. 

\( the orpmism Ikj isolated fnmi the blood of the 
animal in |)ure cultun*, and a j)ortion of this culture l)e 
iiitroduceil into the tissues of a susceptible animal, again 
W(* shall see the simie pathologicsil picture. 

It must Ui n»meml)en»d, however, that this organism 
when cultivatwl for a time on artificial media nipidly 
loses its virulent profXTties. If, therefore, failures to re- 
priMlnce the disc»ase after inoculation from old cultures 
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should otxHir, it is in all probability due to a disappear- 
aiux» of virulence from the organism. 

This organism was discovered by Sternberg in 1880. 
It was subsequently described by A. Frankel as the 
etiological factor in the production of acute fibrinous 
[)neumonia. 

It is not uncxjmmonly present in the saliva of healthy 
individuals, having been found by Sternberg in the oral 
c»vitv of al)out 20 per cent, of healthy persons examined 
by him. It is c»onstantly to h^ detected in the rusty 
sputum of i>atients suffering from acute fibrinous pneu- 
monia. Its presence has l)een detec^ted in the middle 
ear, in the iiericanlial sac, in the pleura, in the serous 
cavities of the brain, and indciKl it may |)enetrate from 
its primary st^at in the mouth to almost any of the 
more distant organs. 

The org;inism is commonly found as a dipl(XMKx?us, 
though hciv and then* short chains of four to six indi- 
viduals joiniHl togi^thcr may 1h» dctei'tt^d. (Fig. 51, 
|Kigi» 2ol>.) The morphology of the individual cells is 
mori* or K^ss i>val, or, mori* strirtly s[K^aking, lancet- 
shajHil, for at one end it is ci>mmouly (tointinl. When 
joineil in |Kiirs the junction is always Wtwtvn the 
bnvul ends of the «.»vals, narer K'twivn the pointed 
extn^mitii^. 

As aln'tuly statiil, in pn^|>:i rat ions dinn^tly fn>ni the 
sputum or fn.>m the blixnl i>^ animals, a ilcliaite i'a[>- 
sule mav fn^iucntlv U^ s«.cn surn>undinu: them. Thouirh 
tairly wnstant in prejKiration< diiwtly tn^n the bhH.Hl 
of animals and tn>m the sputum or hiULT^ ''t' pneumonic 
|)atients, the itij^ule is but niri'ly oi><<Tvt^l in anificial 
cultures. tV'vU'iionally in cultun^ ^m bl<>Hl«<<rum, in 
milk« and on acar-iiirar ihw itui. acwn^liuir to s«.mie 
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authors, be detected ; but this is by no means constant 
or frec{uent. 

This organism grows under artificial conditions very 
slowly, and frecjuently not at all. 

When successfully grown u|)on the different media it 
presents somewhat the following appearance : 

On gelatin it grows very slowly, if at all, probably 
owing in part to the low temperature at which gelatin 
cultures must be kept. If development occurs it ap- 
|)ears as minute whitish or blue-white points on the 
plates. These very small colonies are round, finely 
granular, sharply circumscribed, and slightly elevated 
above the surface of the gelatin. The growth is very 
slow and no liquefaction of the gelatin accompanies it. 

If grown in slant or stab cultures the surface devel- 
opment is very limited; along the needle-track tiny 
whitish or bluish-white granules appear. 

On nutrient agar-agar the colonies are almost trans- 
parent ; they are more or less glistening and very deli- 
cate in structure. On blood-serum development is 
more marked, though still extremely feeble. Here it 
also apj)ears as a cluster of isolated fine points growing 
closelv side by side. 

A growth on potato is not usually observed. When 
grown in milk it commonly causes an acid reaction 
with coincident coagulation of the casein. Some 
varieties, esjHH^ially non-virulent ones, do not coagulate 
milk.' It is not motile. 

It grows best at a temperature of from 35*^ to 38*^ C. 
Under 24° C. there is usually no development, but in 
a few cases it has been seen to grow at as low a teni- 

» Welch, loc cit. 



244 



BACTERIOLOGY. 



I^nituri! us 18° C From 42° C, oa tlie development ig'^ 
checked. 

Under most favorable conditions the growtli is very ' 
slow. It growB as well without as with oxygen. It \ 
is, tlit'refore, one of the facultative anaerobic forms. 

The moBt auixN?ssful efforts at the cultivation of this J 
oi-ganiBH] are those seen when the ^ar-gelatin nurture' i 
of Gimrniari is employed. (See this medinm.) 

It may be stained with tJie ordinary aniline staining 1 
rea^nts. For demonstration of the capsule the method 
oi' (iram gives the best results. (.See Staining^.) 

Tills organism is conspicuous (nr the irregularity of J 
its l)ehavior when grown under artificial conditions ; 
usually it loses its pathogenic properties after a few ! 
generations; but again this jKH^tuiiarity may he retained i 
for a much longer time. Not rarely it fails to grow I 
aHer three or four transplantations on artificial media, 1 
though at times it may be carried through many gen- | 
emtiuns. 

Jnoailation inio animals. The resnltii of inotuila^ J 
tions with pure <'ultures of this organism are aleol 
conspicuous for their irregularity. Most commonljr: 
when the oi^nism is of full virulencL- the form of a 
septietemia just descriln-d is prwluceil, but at time* i 
it is found to be totally devoid of pathogenic powers; 
between these extremes cultures may l>e obtained pos- t 
sessing all variations in the intensity of their disease^ j 
producing properties. The principal pathological ooa- I 
ditions that may be produced by this organism by I 
inoculations into animals, according to the d^ree of ■S 
its virulence, are acute septicaemia, spi-cading inflam- 
matory exudations, and circumscribed abscesses. AUJ 
three of these conditions may sometimes be produoetti 
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by inoculating the same culture into rabbits in varying 
amounts. 

Rabbits, mice, guinea-pigs, dogs, rats, cats, and sheep 
are susceptible to infection by this organism. Chickens 
and pigeons are insusceptible. Young animals, as a 
rule, are more easilv infected than old ones. Rabbits 
and mice are the most susceptible of the animals used 
for ex|>erimental purposes, and in testing the vinilence 
of a culture it is well to inoculate one of each, for with 
the same cultures it sometimes occurs that it may be 
virulent for mice and not for rabbits, and vice versa. 

If the culture is virulent, intra-vascular or intra- 
jwritoneal injections into rabbits may produce rapid 
and fatal septicaemia, while subcutaneous inoculation of 
the same material may result in only a localized in- 
flammatory process. On the other hand, subcutaneous 
inoculation of less virulent cultures may pi-oduce a local 
process, while intra-venous inoculation may be without 
result. This organism is the cause of a number of 
pathologi(»l conditions in human beings that have not 
hitherto Ixjen considered as related to one another etio- 
logically. It is always present in the inflamed area of 
the lung in acute fibrinous or lobar pneumonia ; it is 
known to («use acute cerebro-spinal meningitis, endo- 
and pericarditis, certain forms of pleuritis, arthritis 
and |)eri arthritis, and otitis media. 

h, SEl^IC.KMIA CAUSED BY THE MICROCOCCUS 

TETRAOENUS. 

Should the death of the animal not occur within the 
first twenty-eight to thirty hours after inoculation, but 
l)e i>ostponed until between the fourth and the eighth 
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day, it may occur as a result of invasion of the tissues 
by the organism now to be described, viz., the micro- 
coccus idragenus. 

This organism was discovered by Graffky and was 
subsequently described by Koch in the account of his 
ex{)eriments upon tuberculosis. It is often present in 
the saliva of healthy individuals and is commonly 
present in the sputum of tulxjrculous [mtients. Ko(?h 
found it very frequently in the lung cavities of 
phthisical patients. It, however, plays no part in the 
etiology of tubertnilosis. 

It is a small round coccus of about 1 fi transverse 
diameter. It is seen as single cells, joined in pairs and 
in threes, but its most (X)nspicuous grouping is in fours, 
from which arrangement it takes its name. In prepa- 
rations made from cultures of this organism it is not' 
rare to find, here and there, single Inxlies which are 
much hirgcr than the other individuals in the field. 
(Mosc inspection reveals them to l>e cells in the ini- 
tial stage of division into twos and fours. A |)ecu- 
liarity of this organism is that the cells are s(.»en to Ix^ 
l)ound together by a transparent gchitinous substance. 

When cultivated artificiallv it ij^rows vcrv slowlv. 

U|)<)n gelatin plates the colonies apjK^ar as round, 
sharply ('ircumscril)e(l, j)unctif()rni masses which are 
sliglitly elevated above the surface of the surrounding 
medium. Fnder a low magnifying p(»wcr they are 
si'en to be sliglitly granular and present a more or less 
glassy lustre. 

The colonies increase but little in size after the thinl 
or fourth (lav. If cultivated us stab cultures in gelatin 
there appeal's upon the surface at the point of inocula- 
tion a circumscrilKHl white j)oint, slightly elevat<il alM)ve 
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the surface and limited to the immediate neighborhood 
of the point of inoculation. Down the needle-track 
the growth is not continuous, but appears in isolated, 
round, dense white clumps or beads, which do not 
develop beyond the size of very small points. 

It does not liquefy gelatin. 

UiK)n plates of nutrient agar-agar the colonies appear 
as small, almost transparent, round points, which have 
about the same color and appearance as a drop of egg 
albumin ; they are very slightly opaque. They are 
moist and glistening. They rarely develop to an extent 
exceeding 1 to 2 mm. in diameter. 

lJ|)on agar-agar as stab or slant cultures, the surface 
growth has more or less of a mucoid appearance. It is 
moist, glistening, and irregularly outlined. The outline 
of the growth de|)ends u|X)n the moisture of the agar. 
It is slightly elevated above the surface of the medium. 

In contradistinction to the gelatin stab-cultures, the 
growth in agar-agar is (continuous along the track of the 
nee<lle. 

The growth on [M)tato is a thick, irregular, slimy- 
looking [)at<'h. 

The presc»nce of tlie transparent gelatinous substance 
which is seen to surround these organisms renders them 
c^lierciit, so tliat eflTorts to take up a portion of a colony 
fn)m the agar-agar or ]>otato cultures result usually in 
drawing out fine silky threads consisting of organisms 
imlK'dded in this gelatinous material. 

The organism grows best at from 35*^ C. to 38*^ C, 
but can l)e cultivated at the ordinary room temperature 
—about 20° C. 

The growth under all cronditions is slow. 

It grows lx)th in the presence of and without oxygen. 
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It is not motile, 

It stains readily ^^'itll all tbe urdinary aniline dyes 
In tissues its presenw is readily demonstrated by tbe 1 
tttaiuing metliotl of Gram. 

The grouping into fours is particniarly well seen in i 
set'tioDB from the oi^na of animals dead of this form | 
of septioemia. 

In eiich sections the organisms wHll always be found J 
within the capillaries. 

InoculatioH into animats. To the naked eye no alter- J 
ation tan be seen in the oi^ns of animals that havd 1 
died as a result nf inoculation with the mierococcua \ 
tetragenus ; but microw'Opic examination of cover-slip | 
preirarations from the blood and viscera reveals the i 
j)re9eDce of the organisms throughout the Iwdy — espe- 
cially is this true of preparations from the spleen. 
White mi<« and guinea-pigs are susceptible to the 
disease. Gray mice, dogs, and rabbits are not suacep* , 
tible to this form of septicaemia. Subsequent inocu- 
lation of healthy animals with a drop of blood, a bit J 
of tissue, or a portion of a pure culture of this ot^annJ 
ism from the body of an animal dead of the dise 
results in a reproduction of the conditions found in tbe . 
dead iinimul from which the tissues or cultures were * 
obtained. 

It sometimes occurs that in guinea-pigs which have J 
been inoculated with this oi^nism there results local 
pus-formations tnstmd of a general septicjemia. The \ 
oi^nisms will then be found in the pus-cavity. 
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Should the animal succumb to neither of the septic 
processes just described, then its death from tuberculosis 
may be reasonably expected. 

When this disease is in progress, alterations in the 
lymphatic glands nearest the seat of inoculation may be 
detected by the touch in from two to four weeks. They 
will then be found to be enlarged. Though not constant, 
tumefaction and subsequent ulceration at the point of 
inoculation may sometimes be observed. Progressive 
emaciation, loss of appetite, and difficulty Tn respiration 
|)oint to the existence of the tubercular process. Death 
ensues in from four to eight weeks after inoculation. 
At autopsy either general or local tuberculosis may be 
found. The expressions of the tul)ercular process are 
so manifold and indifferent animals differ so widely the 
one from the other, that no rigid law as to what will 
aj>pear at autopsy can h priori be laid down. 

The guinea-pig, which is l)est suited for this experi- 
ment, because of the greater regularity of its suscepti- 
bility to the disease over that of other animals usually 
found in the laboratory, presents, in the main, changes 
that are charactcrizcHl by a condition of coagulation- 
necrosis and caseation. This is parti(Milarly the case 
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when the infection is general, t. e , when the prooesB is 
of die acute miliary type. This pathological-ODatomical 
alteration is best seen in the tissues of the liver and 
spleen of these animals, wliere the condition is most 
pronounced. 

In general, the tubercular lesions can be divided into 
those of strictly focal character — the miliary and the 
conglomerate tubercles, and those which are more diffuse 
in their nature. The latter lesions, although of the same 
fundamental nature as the miliary tubercles, are much 
greater in extent and not so sharply circumscribed. 

These latter lesions play a greater role in the path- 
ology of the disease than do the miliary nodules, although 
it is to the presence of the latter that the disease owes 
its name. 

At autoi)sy the |mthologi(»l manifestations of the 
disease are not infrequently set»n to be confined to the 
seatof incKHilation and the neighboring lymphatic glands. 
These tissues will then present all the characteristics 
of the tulK»fculou8 process in the stage of cheesy de- 
geuonition. When the disease is general the degree 
of its extension varies. Sometimes the small gray 
nodules — the miliarv tul)er(^les — are only to 1x3 seen with 
the naked eye in the tissues of the liver and spleen. 
Again, they may invade the lungs, and commonly 
tliev are distributal over the serous membranes of 
the int<»stines, the lungs, the heart, and the brain. 
Tlie.se simi)le gray noduk^, as seen by the naked eye, 
vary in size fmm that of a pin-iK>int to that of a bemp- 
seed, and as a rule are, in this stage, the result of the 
fusion of two or more smaller miliary foci. Though 
the two terms, ** miliary '' and " eonglomcrate,'' exist 
for the description of the iiiaeroscoi)ic appearance of 
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these nodules, yet it is very rare that any condition 
other than that due to the fusion together of several of 
these minute foci can l>e detected by the naked eye. 

The miliary tubercles are of a pale gray color, with a 
white centre, are slightly elevated above the surface of 
the tissue in which they exist, and, as stated, vary con- 
siderably in dimensions, usually appearing as points 
which range in size from that of a pin-point to that of a 
pin-head. They are not only located upon the surface of 
the organs, but are distributed through the depths of 
the tissues. To the touch they sometimes present nothing 
characteristic, but may frequently, when closely packed 
together in large numbers, give a mealy or sandy sensa- 
tion to the fingers. Stained sections of these miliary 
tul)er(^les present an entirely characteristic appearance, 
and the disease may Ik* diagnosticated by these histologi- 
cal changes alone, though the crucial test in the diagnosis 
is the finding of tul)ercle bacilli in these nodules. 

Miriu)8cx)Pi(^ Appearance of Miliary Tuber- 
c'LKS. — The simple miliary tubercles under the low mag- 
nifying |)owerof the microsc<ij)e present somewhat the fol- 
lowing ap|>earance : There is a ct»ntral pale area, evidently 
compost^l of necrotic? tissue because* of its incajwu^ity for 
taking up the nuclear stains (K>mmonly employed. 
Scjitterwl here and there through this necrotic area may 
be s(H?n granular masses irregular in size and shajx^ ; 
they take up the stains employed and are evidently the 
fragments of wll-nuclei in the course of destruction. 
Til rough the ne<Totic area may here and there be seen 
irn^gular lines, bands, or ridges, the remains of tissues 
not yet completely dt»stroyed by the necrotic j)r<K*ess. 
Around the |H»ripherv of this area may sometimes Ikj 
noticcnl large multi-nucleated cells, the nuclei of which 
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The question as to its spore-forming property is still 
an open one, though the weight of evidence is in oppo- 
sition to the opinion that it possesses this peculiarity. 
Certain observers claim to have demonstrated spores 
in the bacilli by particular methods of staining, but this 
statement can have but little weight when compared 
with the behavior of the organism when subjected to 
more conclusive tests. For example, it does not resist 
exposure to 3 per cent, carbolic acid solution for longer 
than five minutes, nor to 1 : 5000 sublimate solution for 
more than two minues. It is destroyed in ten minutes 
in some experiments^ and in five in others, by a tem- 
perature of 55® C, and when dried it loses its vitality, 
according to different observers, in from thirty to forty 
days ; all of which speak directly against this being a 
spore-bearing bacillus. 

It is not motile, and docs not, therefore, possess 
fiagella. 

It grows readily on the ordinary nutrient media at 
from 25° C. to 38° C. 

U}K)n nutrient agar-agar, both witli and without 
glycerin, it ap}>ears as a moist, opaque, glazed layer, 
with nothing characteristic al)Out it. This is true both 
for smear cultures and for single colonies. 

Its growtli on gelatin is mwch loss voluminous than 
on niwlia that can Ikj kept at higher temperature, though 
it does grow on this media at room tem})erature without 
causing li(juefaction. 

Its growth on blood-serum is seen in the form of a 
moist, opaque, slimy layer, imilining to a yellowish or 
dirty brownish-yellow tinge. It does not liquefy the 
S(Tum. 

On potato its growth is moderately rapid, a})pearing 
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area of tissue undergoes the same process of necrosis 
and caseation as the centre of the miliary tubercle. In 
some tissues it is more marked than in others. These 
tissues are the lungs and the lymph-glands. In rab- 
bits, particularly, all the changes in the lung frequently 
come under this head. When this is the case solid 
masses are found, sometimes as large as a pea, or in- 
volving even an entire lobe or the whole lung in some 
cases. They are of a whitish-yellow, opaque color, and 
on section are peculiarly dry and hard. Entire lym- 
phatic glands may be changed in this way. The con- 
ditions for this caseation of the tissues are probably 
given wlien a large number of tubercle bacillus enter the 
tissue simultaneously and a wide area is involved, in- 
stead of the small centre of the miliary tubenJe. Ne- 
crosis is so rapid that time is not given for those reactive 
changes to take place in the tissues which result in the 
formation of the outer zone of the miliary tubercle. 
In other instancies the entire caseous area is surrounded 
by a granulation zone similar to that around the caseous 
(«ntrt» of the miliary tuberck«. It is of sj^ecial impor- 
tiince to re(X)gnize the connection between this diffuse 
caseation of the tissue and the tubercle bacillus because 
until its nature was accurately determined the caseous 
pneumonia of the lungs formed the chief obstacle which 
many had in recognizing the infectiousness of tul)ercu- 
losis. 

Cavity-formation. — The production of cavities 
which forms such a prominent feature in human tuber- 
culosis, particularly in the lungs, is due to the soften- 
ing of the necrotic c^aseous masses or of aggregations of 
miliary tulnTcles. ThemattTial softens and is exix»lle<l, 
and a (»{ivity remains. In the wall of this cavity 

12 
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the tuberculous changes still proceed, both as diffuse 
caseation and formation of miliary tuberdeB. The 
whole mvity, with the reactive changes in the tissaes 
of its walls, may be considered as representing a single 
tubcrc^le, its wall forming a tissue very analogous to 
the outer zone of the single tubercle, the cavity itself 
corresi)onding to the caseous centre. In animals used 
for oxiwriment cavity-formation of this sort is very 
rare, owing to the greater resistance of the caseous 
tissue. 

In the contents and in the walls of tubercular cavi- 
ties lNU*tcTia other than the tubercle bacilli are found. 
It is to the influence of some of these, as we have just 
seen, that diseases other than tulierculosis may some- 
times 1x3 pr()du(*ed by the inoculation of animals witli 
the sputum from such cases. 

Kncai^sulation of TuHKUciLAR Foci. — It not 
uncoinnionlv cHvurs that round alnnit a necrotic tuber- 
cular Kmuis there* is formcHl a fibrous capsule which may 
(«mplctoly cut off the (lisi»sisi»d from tlie healthy tissue 
8urn)un(lin^ it. Or a tul>cT(»ular fiH*us may, through 
the r(?sistan(V of the tissue in wliich it is located, he 
mort^ or h»s.s comph't<»ly isohitcd. In this condition 
tlie (lis<'iis(Hl f(K»i may lie dormant for a long time and 
give no evidence* of their exi.stoncH*, until by some in- 
tt^nuirrcnt interferiMicc they are cjuisihI to break through 
tluMr cnvcloiH's. With the passage* of the ba(*illi or their 
si)or(»s from the (XMitnil fend into the vascular or lym- 
phatic (singulation the disc*ase may then IxM'ome general. 

It is to some such awident as this that the sudden 
appearance of general tubi^nuilar inflation in subjec^ts 
supi>osed to have rtHX)vered from the i)rimarv loc«l 
manifestations may often Ih» attributtHl. The brt*aking- 
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do^vn of old caseous lymphatic glands is a common 
example of this condition. 

Primary Infection. — ^The primary infection o(*curs 
through either the vascular or lymphatic circulation. 
Througli tliese channels the bacilli gain access to tlie 
tissues and become lodged in the finer capillary ramifi- 
cations or in the more minute lymph-spaces. Here 
they find conditions favorable to their development, and 
in the course of this process produce substances of a 
cliemical nature which act direc^tly in bringing al)Out the 
death of the tissues in their immediate neighborhood. 
This tissue-death is probably the very first effect of the 
bacilli in the body, and represents the necrotic centre, 
which can always Ixj seen in even the most minute 
tnl)er(»les. With the production of this progressive 
necrosis — for progressive it is, as it continu(« as long 
as the bacilli live and continue to produce their jwison- 
oiis pnKlucts — there is in addition a reactive change in 
the surmunding tissues, which consists in the formation 
of the granulation zone at the outer margins of the 
dying and dead tissue. This zone consists of small, 
round gmnulation-cells and of leucocytes, all of which 
are seen in the meshes of the finer fibrous tissues of the 
jMirt. At the same time alterations are produced in the 
walls of the vessels of the locality ; this tends to oc- 
(»lude them, and thus the process of tissue-death is 
favort^l bv a diminution of the amount of nutrition 
brought t4) them. These changes continue until eventu- 
ally the life pn)cess(»8 of the bacilli art* checked, or 
conglomerate tubercles, widespriMwl caseation, or cavity- 
formation n^sults. 

MoDP^^oFlNFi-xrrroN. — Exi)erimeiitally,tul)errulosis 
may Ik? prinluced in susceptible animals by sulK^utaneous 
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inoculation ; by direct injection into the circulation ; 
by injection intfi ttie peritoneal cavity; by feeding of 
tiibercnloiia material ; by tlio in troth ictioii of the bacill> 
into tli(! atr-paasages, and by inoculatiou into the an- 1 
terior chamber of the eye. 

In the human subject the most common portals on 
infection aiv, doubtleas, the air-passagcg, tlie alimentaiyi 
tract, and cutaneous wounds. When introduced i 
cutancously the resulting process finds ita most pre 
nouneed expression in the lymphatic system. ThflQ 
growing bacilli make their way into the lymphatii 
spaces of the loose cellular tissue, are taken up in thfl^ 
lymph stream and dejxwited in the neigliboring lymphs 
atiR glands. Here they may remain and give rise toj 
no alteration further than that seen in the glands them-«J 
selves, or tiiey may pass on to neiglilKtring glands, am 
eventually be disseminatctl throughout the whole lympb*l 
atie system, ultimately reaching the vasi-tilar system. 

When haviug gained access to the bloodvessels, thac 
results are tlie same as those following upon intr&vl 
vascular injcption of the bacilli, namely ; general tubi 
culosis quickly follows, with the most conspicuous ptt>*jl 
duction of miliary tubercles in the lungs and kidney^:! 
less numerous in tlie spleen, liver, and Ixine marrow. 

When inhaled into the lung^, if conditiims are &vor-l 
able, multiplication of the bacilli quickly follows. Witbrl 
their growth they are moclmnicaliy pressed into the tis- 
sues of the lunge. As multiplication continues some ami 
transported from the primary seat of infection to hefllUiyl 
portions of tlie lung tissue, there to give rise to a ftirtha 
production of tlie tulxtrcular process. 

In the same way infection through the alimentary^ 
tract is in the main due to mechanical pressure of'l 
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the bacilli upon the walls of the intestines. Investiga- 
tion has shown that lesions of tlie intestinal coats 'are 
not necessary for the entrance of tubercle bacilli from 
the intestines into the body. They may be trans- 
ported from the intestinal tract into the lymphatics in 
the same way that the fat droplets of the chyle find 
entrance into the lymphatic circulation. 

The evidence produced by Cornet" points to the lungs 
as the most common portals of natural infection for the 
human being. Unlike most pathogenic organisms, the 
tubercle bacillus has the property of forming spores 
within the tissues. These spores, which are highly re- 
sistant and are not destroyed by drying, are thrown oflF 
from the lungs in the sputum of tuberculous {)atient8 in 
large number, and unless special precautions are taken 
to prevent it the sputum becomes dried, is ground 
into dust, and sets free in the atmosphere the spores 
of tubercle bacilli which came with it from the lungs. 
The frequency of pulmonary tuberculosis ix)ints to this 
as one of the commonest sources and modes of infection. 

IXXVVTION OF THE BaCIIJ.I IN THE TISSUES. — The 

bacilli will be found to be most numerous in those 
tissues which are in the active stage of the process. 

In the very initial stage of the disease the bacilli will 
l)e fewer in number than later. At this time onlv here 
an<l there single rods may be found ; later they will l>e 
more numerous, and, finally, when the process has ad- 
vanced to a stage easily recognizable by the naked eye, 
they will be found in the granulation zones in clumps 
and scjittered about in large numbers. 

In the central ne(Totic masses, which consist of cell 

1 Coraet: Zeit. fUr Hygiene, 1889, Bd. ▼., S. 191. 
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detritus, it is rare tbat the oi^nisms cao be demon<^ 
stratwl microHtHjipically, It is at the iwriphery of Uiea 
areas and in tiie progreseiug granular zone that they arel 
most fn^iiieufly t« lie seen. 

This appan^ut ahsenre of the barilli from the ccntnU ^ 
necrotic area luiist not Iw taken, however, an evidence 
that this tissue does not contain them. As bacilli, they 
are diftienlt tti demonstrate here because the )irobabili- 
ties are tiiat in this locality, owing to eouditions u 
vomlile to their fiirther growth, they are In the spori 
stage, a stage in which it la as yet impoHsthle, with ouH 
p'rcwnt methods of staining, to render them visible. 
The fact that this tissue is infective, and with it thej 
disease can be reproduced in susceptible animals, Bjieaka J 
for the aocnracy of this assumption. A cnnspionoufll 
example of this conditiou is seen in old scrofulous J 
glands. These glands usually present a slow prooess^ 1 
are commonly caseous, and always possess the proper^ J 
of producing the disease when introduced into the ti' 
sues of susceptible animals, and yet they are tlie mosfc^ 
difficult of all tissues iu which to demonstrate micnH-l 
scopically the presence of tubercle bacilli. 

In tuben^les containing giant-cells the liacilli i 
usually 1k' demonstrated in the granular contents t 
these cells. Frcipicntly tliey will be fbimd accumu- 
lated at the pole of the cell opposite to that oocupied 
by the nuclei, as if there existed an antagonism betwef 
the nuclei and the bacilli. In siunc of these ( 
however, the distribution of the Itacilli is seen to I 
irregular, and they will be found scattered among 1 
nuclei as well as in the necrotic centre of the cell, 
the number of l»cilli in the gianl><ell increases tbe^ 
oell itself is ultimately destroyed. 
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Tubercular tissues always contain the bacilli or their 
sjwres, and are always capable of reproducing the dis- 
ease when introduced into the body of a susceptible 
animal. From the tissues of this animal the bacilli 
may again be obtained and cultivated artificially, and 
these cultures are capable of again producing the 
disease when further inoculated. Thus the postulates 
which are necessary to prove the etiological role of the 
organism in the production of this malady are all ful- 
filled. 

The Tubercle Bacillus. — Of the three pathogenic 
organisms liable to occur in the sputum of a tul^erculous 
subject, the tubercle bacillus will give us most difficulty 
in our effi^rts at cultivation. 

It is, in the strict sense of the word, a jmrasite and 
finds conditions entirely favorable to its development 
only in the animal body. On ordinary artificial media 
the bacilli taken directly from the animal body grow 
only very imjKirfectly or in many cases not at all. 
From this it seems probable that there is a difference 
in i\\Q nature of individual tul)ercle bacilli — some ap- 
pearing to be capable only of growth in the animal 
tissues, while others are apparently possessed of the 
power to lead a limited saprophytic existence. It may be, 
therefore*, that those bacilli which we obtain as artificial 
cultures from the animal Inxly are offsprings from the 
more saprophytic varieties. At best, one never sees 
with the tul)ercle bacnllus a saprophytic condition in 
any way comjMirable to that jwssessed by many of the 
other organisms with which we have to deal. 

In efforts to cultivate this organism directly from the 
tissues of the animal, the method by which one obtains 
the best results is that recommended bv Koch^-cultiva- 
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lion ii|N)ti l)I(Mxl-8cnim. So strictly is this oiganism a 
IHiniHito ilmt very limited alterations in the oonditions 
iiiMlcr wliieli it is growing may result in fiiilure to suo- 
(*(*HMfiilly Htiuly it. It is, therefore, neoessary tfamt tbe 
iiijiinriiotiH for obtaining it in pure coltore should be 
iiin'fully olmt^rvMl. 

T\w. l)lo<Ml-Horuin u}K)n which the organism is to be 
nillivutiKJ nhould Ix) comjiaratively freshly prepared — 
thiit JHf it Hhonld not l)0 dry. 

I'UKPAUATION OF CULTURES FROM TjDSSUEB. — 

ntid(*r Htri(^t(*Ht antim^ptic ])rccaution8, remove from the 
aiiiiiml i\\v tulKtrtnihir tiHsue — the liver, spleen^ or a 
lytiiphiiiif^ gland InMug preferable. Place the tissae in 
a Ht4!rili/.('(1 Petri dish and dissect out with sterilijeed 
M'iHHorH and ibnM'pH the small tulK'rcular nodules. Place 
nu'h iKNiidc* upon tht; surfac'c of the blood-serum, one 
niMlnlr in oaith iniM>, and with a heavy, sterilized, looped 
platinnni netMlle or spatula, rub it carefully over the 
HurliK'e. 1 1 is best to disswt away twenty to thirty such 
tuiM>reles and tnuit eiu'h in the same way. Some of the 
IuIm's will renmin sterile, others may l)e contaminated by 
outsid(M)rpinisms during the manipulation, while a few 
may ^ive the iH'sult d<»sired — a growth of the bacilli 
themselves. 

Ai\vr inocMilating the tuln's they should be carefully 
seah^l up to prevent evai>onition and consequent dry- 
ing. This is don(^ by burning of!* the sujM^riluous 
overhanging (cotton plug in the gjis-flame, and then im- 
pregnating the upjKT layers of the cotton with either 
sealing-wax or imraffin of a high melting-point; or by 
inserting ov(T the burned end of the (cotton plug a soft, 
closely iitting cork that has been sterilizwl in the steam 
sterilizer just before using (Ghriskey). This pixKiaution 
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is necessary because of the slow growth of the organism. 
Under the most favorable conditions tubercle bacilli 
directly from the animal body show no evidence of 
growth for about twelve days after inoculation upon 
blood-serum, and, as they must be retained during this 
time at the body temperature — 37.5 C. — evaporation 
would take place very rapidly and the medium would 
bi'come too dry for their development. 

If these primary efforts result in the apjKiarance of a 
culture of the bacilli, further cultivations may be made 
by tiiking up a bit of the colony, preferably a moderately 
large quantity, and transferring it to fresh serum, and 
this in turn is sealed up and retained at the same tem- 
jwraturc. Once having obtained the organism in pure 
culture its subsequent cultivation may be conducted 
upon the glycerin-agar agar mixture — ordinary neutral 
nutrient agar-agar to which 6 or 7 j)er cent, of glycerin 
has l)een added. This is a very favorable medium for 
the growth of this organism after once having estab- 
lisheil its saprophytic form of existence, though bUxxl- 
serum is i>erhaps the best medium to be employed in 
obtaining the first generation of i\\Q organism from the 
tubercular tissues. 

The orgjinism may be cultivated also on neutral 
milk to which 1 per c»ent. of agar-agar has been added, 
also U{K)n the surface of potato, and likewise in meat 
infusion l)ouiIIon containing 6 or 7 j)er cent of 
glyciTin. 

Cultures of the tulxTcle bacillus are characteristic 
in apjwarance — after once having seen them there is 
but little probability of subsequent mistake. 

Tliey api)ear as dry masses, which may dc^velop ujK)n 

the surface of the medium either as flat scales or as 
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lumps of mealy-looking granules. Tliev are never 
moist, and frequently have the ap[)caraiicc of ooarsi^ 
meal whifh has been spread ujxin the siirfaoe of the 
medinm. In the lower part of the tube in which they 
are growing, i.e., that jKirt occupied by a few droptt of 
fluid which has in part Ijeen squeezed from the medium 
during the proces8 of solidilication,aiid is in jutrt \vat«r 
uf condensation, the colonics may I>e seen to iloat as a 
thin pellicle njmu the surface of the fluid. 

The individuals making up the growth adhere so 
tenaciously together that it is with the greatest difliculty 
that tliey can he completely separated. In even the 
oldest and dryest cultures pulverization is impossible. 
The masses can only be separated and broken up by 
grinding in a mortar with the addition of some foreign 
substance, such u^ very fine, BteriliKcd sand, dust, etc 

The cultures are of a dirty-drab or brownish^ray 
color when seen ou serum or on glycerin-j^r-^ar. 

On i>otato they grow in practically the same way, 
though the development is much more limited. They 
arc here of nearly the same color as the potato on which 
they are growing. 

On milk-agar-agar they arc of so nearly the same 
color as the medium that, unless they are growing as the 
mealy-looking masses considerably elevated above the 
surface, tlieir presence is less conspicuous than when on 
the other media. 

In bouillon they grow as a thin pellicle on the sur- 
face. This may fall to the bottom of the fluid and con- 
tinue to develop, its place on the surface being taken 
by a second pellicle. 

Under all conditions of artificial development the 
cultures of this organism are always very dry and 
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brittle in api)earance, though in truth the individuals 
adhere tenaciously together by a very glutinous sub- 
stance. 

The tubercle bacillus does not develop on gelatin, 
l)ecause of the low temperature at which this medium 
must be used. 

Microscopic Appearance of the Tubercle 
Bacillus. — Microscopically the organism itself is a 
delicate rod, usually somewhat beaded in its structure, 
though rarely it is seen to be homogeneous. It is either 
quite straight or somewhat curved or bent on its long 
axis. In some prefmrations involution-forms, consist- 
ing of rods a little clubbed at one extremity or sliglitly 
bulging at different points, may be detected. It varies 
in length — sometimes being seen in very short segments, 
agjiin much longer, though never as long threads. On 
an average its length is seen to vary from 2 to 5 a*. It 
is commonly des(Til>ed as being in length about one- 
fourth to one-half the diameter of a red blood-corpuscle. 
It is very slender. (Fig. 51, page 239.) 

These nxls usually present, as has been said, an 
ap{)earance of alternate stained and colorless jwrtions. 
It is the latter jwrtions which are believed to be the 
8{)ores of the organism, though as yet no absolute proof 
of this opinion has beim established. 

At times these colorless jwrtions are seen to bulge 
slightly beyond the contour of the rod, and in this way 
give to the rods the beaded appearance so commonly 
ascribiHi to them. 

STAiNiX(i PEcniLiARiTiKs. — A |)eculiarity of this 
organism is its behavior toward staining reagents, and 
by til is means alone it may be easily rcH*ogiiizeil. The 
tubercle bacillus does not stain by the ordinary methods. 
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It pusscsseB tioint! peculiarity in ita tviupositiou tliot J 
renders it more or loss jiroof against tlie simpler i 
dyes. It is therefon; newjasary that more eneiTgctio j 
and peiietratiug reagents tliaQ tliu ordinary watery I 
solutions should be employed. ExjKtrienc* has taught I 
us that certain substances not only increase the solu- 
bility of the aniline coloring aubstauces, hnt by their I 
presence tlie penetration of the coloring agents is very | 
much iii(;rea£ed. Two of tliese substances are aniline fl 
oil and carbolic acid. They an? employed in tliel 
solutions to alK)ut the j>oint of saturation. (For the ] 
exact proportions see chapter ou StJiining Reagents.) 

Under the influence of heat these solutions are seyn 
to stain all bacteria very intensely — the tubercle ImcilU 
Its well as tlie ordinary forms. If we subject our prep- 
aration, which may contain a mixture of tubcrcieJ 
ba«^'illi and other forma, to the action of decolo]-ijung>fl 
agents, unotiier peculiarity of the tubercle bacillus will f 
be ol>served. While all other organisms in the prep-a 
aratiun will give up their u^lor and become invi^bl^ 4 
the tuben4c bacillus retalus it with marked tena<uty. I 
It stains with great difBculty, but ouce stained it I 
retains the color even under the itifluem.'c of strong-l 
docolorizing agents. 

OHUANISMS WITH WHICH TIIK HAt;lLI,U8 TUBEBC 
L08I8 MAY BE COKFISED. 

DiFFRBBNTlAi, BlAONoeis. — While this peculiarl 
micru-tJicniical reaction is usually considered to be 1 
diagnostic of the bacillus ttibcrculosis, it is well to I 
remember ttuit there are at least three other species <rf"i 
bacilli which, when similarly treatwl, react in the same f 
way. It is of importance to Ijear this jjoint in mind, 
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|)articularly in the microscopic examination of urine 
and pathological secretions from the genito-nrinary 
tract and fn)m the rectum, for of the three species two 
are frecpiently found in these localities, viz., the so-called 
smegma bacUlua, located in the smegma and often seen 
Ix^neath the prepuce and upon the vulva, both normally 
and in disease, and the bacillus of syphilis, described by 
Lustgarten as contained in syphilitic manifestations, 
particularly in primary sores. The third organism of 
this group — the bacillus of leprosy — because of its rarity, 
is not so likely to cause error in diagnosis of troubles 
occurring in these localities. 

Awording to Huepj)e, the differential diagnosis 
between the four organisms depends uj)on the following 
rea<'tions : When stained by the carbol-fuchsin method 
commonly employed in staining the tubercle bacillus the 
syphilis bacullus becomes almost instantly decolorized 
by treatment with mineml acids, particularly sulphuric^ 
acid, whereas the smegma bacillus rt^sists such treatment 
for a much longer time, and the lepra and tul)ercle 
Imcillus for a still longer time. On the other hand, if 
d(KH)lorization is practised with alcohol, instead of acids, 
the smegma bacillus is the first to lose its color. The 
l)iu*illus tuberculosis and the bacillus of leprosy are 
conspicuously retentive of their color even after treat- 
ment with l)oth iicids and alcohol. 

To differentiate, then, between the four organisms he 
rwommiMuls the following order of proc^nlure, basc^l on 
the above reactions : 

1. Treat the stained preparation with sulphuric 
a<Md ; the; syphilis bacillus l)ecomes decolorized, the 
rwiction l)eing almost instantaneous. 

2. If it is not at once dei'olorized, treat with alcohol ; 
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if it is the smegma bacillus tiiis will rob it oP4i 
color, 

3, If it is still not decoloriKwl it is cither the li 
or tubert'Ie bacillus. 

The differential diagnosis between tlie \i\f^i 
orgaDisms is less satisfacturv ; they lK>t[i take on 
same stains and \mth retain them or give them up ui 
treatment with the same decolorizers. The results a 
investigations, however, indicate differences in the r 
of staining and deoolnri/jition, and it is accepted 1 
nmny of those who have compared the two organist 
that the lepra baoilhis takes up staining very mm 
more readily than docs the tubercle bacillus, 
staining j>crfcctly by an cxjwHurc of only a few mi 
to cold wntcry solutions of the dyes, hut when 
stained it retains its color much more tenaciously v 
actwi u[K>n by decolorizing ageuts than does the li 
organism. 

According to liaumgnrten, the Icjtni bociUuH is e 
by an csiM>sur(! of six to seven minutes to a cold, a 
rated watery solution of fiichsin, and retains the e 
when sul)se(juently treated with acid alcohol (nitric a 
1 pm-t ; alcohol, 10 jrnrts). By simihir treatment J 
the same length of time the bacillus tulx-ri'iilosis dm 
not Ivecome stained. 

These points, partieidarly whitt has hcen said \ 
reference (« the smegma bacillus and the batull 
syphilis, are of much practical im]K>rtani.!e aud 8 
always he borne in mtnd in cimneetion with micrc 
examination of materials to which these oi^nisms a 
liable to gain a<!cess. It 15 hardly necessary to say tl 
in the examination of sputa and patholt^ical fluids ft 
other partft of the bodv the tubercle bacillus is, 1 
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four organisms, always the one most commonly encoun- 
tered. 

Tuberculin. — The filtered products of growth from 
old fluid cultures of the tubercle bacillus represent what 
is known as tuberculin — a, group of proteid substam^s 
jwssessing most interesting proi)erties. When injected 
sulxjutaneously into healthy subjects tuberculin has no 
effect, but when introduced into the body of the tuber- 
culous person or animal a pronounced systemic reaction 
results, consisting of sudden but temporary elevation of 
temperature with, at the same time, the occurrence of 
marked hyi)eraemia round about the tuberculous focus, a 
change histologically analogous to that seen in the 
primary stages of acute inflammation. This zone of 
hy|)er8emia, with the coincident exudation and infiltra- 
tion of wllular elements, probably aids in the isolation 
or casting off of the tul)erculous nodule, the inflamma- 
tory zone forming, so to speak, a line of demarcation 
Iwtween the diseased and healthy tissue. 

As a curative agent for the treatment of tul)erculosis, 
tul)erculin has not merited the confidence that was at 
first accorded to it. Its greatest field of usefulness is 
now admitte<l to be as an aid to the diagnosis of obscure 
cjvses, and more particularly those occurring in cattle, 
where it has proven itself to Ix? of inestimable value in 
this particular a])plication. 

SUSCEITIBILITY OF AnIMAI>5 T<) TuBERCUIXWIS. — 

The animals which are known to be susceptible to the 
tul)ercular processes an* man, ai)es, cattle, horses, sheep, 
guinea-pigs, pigeons, mbbits, cats, and field mice. 

White mice, dogs, and rats jk)ss(.»ss immunity against 
the dist^ase. 

We have reviewed the three common pathogenic 
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organisms with which we may oome in contact in the 
sputum of tuberculous individuals. Occasionally other 
forms may be present. The pyogenic forms are not 
rarely found^ and for some time after diphtheria the 
bacillus of L5ffler is demonstrable in the pharynx, so 
that it too may be present under exceptional circum- 
stances. These latter organisms will be described under 
their proper heads. 



CHAPTER XIX. 

Glanders— Characteristics of the disease— Histological structure of the 
glanders nodule— Susceptibility of diffbrent animals to glanders— The bacillus 
of glanders; its morphological and cultural peculiarities— Diagnosis of 
glanders. 

Synonyms : Rotz (Ger.), Morve (Fr.). 

Though most commonly seen in the horse and ass, 
glanders is not rarely met with in other animals, and is 
occasionally encountered in man. When occurring 
rt|)ontaneou8ly in the horse its primary seat is usually 
upon the nuKX)us membrane of the nostrils. It appears 
in the form of small gray no<lules, about which the 
membrane is congested and swollen. These nodules 
ultimately coalesce to form ulcers. There is a profuse 
slimy discharge from the nostrils during the course of 
the disease. It may extend from its primary seat in 
the nose to the mouth, larynx, trachea, and ultimately 
to the lungs. Its secondary manifestations are observed 
along the lymphatics that communiwite with the primary 
f(K^us, in the lymphatic glands, and as meta.static foci in 
the internal organs. Less frequently the disease is seen 
to l)egin in the skin, particularly in the region of the 
ncH^k and breast. When in this locality the subc»uta- 
ncH)us lymphatics become involved, and are converted 
into indurated, knotty conls, easily discernible from 
without. 

When occurring in man it is usually in individuals 
who have l>een in attendance uj>on animals affectiKl with 
the disease. It may oi«ur ujion the mucHjus meml)rane 
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originaU^. Theao particles always ataiu much 
intensely tLan do the normal aiiclei of the part. ' 

Tlieae pecriitlar alterations, as Oertcl }iiis shown, 
thoir (list rilmtion, are characteristkiorhiinian diphtheria, 
and the demonstration of similar changes in auiraals 
mo<:ulute<l with this organism is imjKirtaQt additional 
proof that diphtheria is canaed hy it. 

An afllw'tiou may be prwliiced hy the inoeulation ^ 
certain animals that is in all respeets identical with t 
disease diphtheria as if exists in man. If one opens t 
tra<ihea of a kitten and nibs iiprm the mneons membra 
a small ixirtiou of a pure culture of tliis organism, 
death of the animal usually ensues in from two to fok 
days. At autopsy tlie woimd will be found («vcred wM 
a grayish,adherent, necrotic, distinctly diplitheriticlayi 
Around the wound the su)>cutaneiMis tissues will ] 
u^dematous. The lymphatic ghinds at the angle of tol 
jaws will l>c swollen and reddened. The mucous metn- 
hmne of tlie tnielica at the (»oint upon which the bai^ilH 
were deposited will he covered with a tolerably firm, 
grayish-white, loosely attached pseud o-momhraue in all 
respects identical with the croupous membrane oliserved 
in the same situation in ca^es of human diphtheria. 
In the pBeu do-membrane and in the fwiematous fluidj 
about the skin-wound, bacilli dipfUherice may be foiu 
both in ojver-sliits aud in cultures. 

From what wc have seen — the local i/.at ton of tlie bucilli 
at the [)oint of inoculation, their absence from the internal 
organs, aud the cbangca brought al>uut in the oellnlar 
elements of the internal organs — there is but one inti 



' See " Tbu Ulslol<«l(Jnl Changes In EjiparimealAl IHp 
BlaWlogical Leaioiw produced bj llio l^iaLbiioilu of Di 
lariBinoi. JobM Hopkini Uoii>l»1 Bulletin, Augii 
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pretation for this process, viz.: that it is due to the pro- 
duction of a soluble iK)ison by the bacteria growing at 
the seat of inoculation, which, gaining access to the cir- 
culation, produces the changes that we observe in the 
tissues of the internal viscera. 

This poison has been isolated from cultures of the 
bacillus diphiherujBy and is found to Ix^long, not to the 
crystallizable ptomaines, but to the toxic albumins — 
Ixxlies which, in their chemical c»omposition, are anal- 
ogous to the poison of certain venomous serpents. 
By the introduction of this toxalbumiriy as it is called, 
into the tissues of guinea-pigs and rabbits, the same 
pathological alterations may be produced that we have 
seen to follow the result of inoculation with the bacilli 
themselves, except, perhaps, the production of false 
membrane. 

Under certain (drcumstanws with which we are not 
acquainted the bacillus diphtherice becomes diminished 
in virulence or mav lose it entirclv, so that it is no 
longer capable of producing death of susceptible ani- 
mals, but mav cause only a transient local reaction 
from which the animal entirely recovers. Sometimes 
this redaction is so slight as to be overlooked, and again 
careful si»arch mav fail to reveal evidence of any reac- 
tion at all. The production of the extremes of its 
pathogenic; projH'rties, viz., death of the animal, on the 
one hand, and only very slight local ettec^ts on the other, 
were at one time thought to indicate the existence* of two 
sc»parateand distinct organisms that were alike in cultural 
and morphological jH^culiarities, but which differed in 
their disease-prcxlucing power. Further studies on this 
point have*, hgwevcr, shown that the; genuine bacillus 
diplUlieriie may i)ossess almost all grades in the dc;gree 
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of ite vinilenco, ihkI that absence of or diminution inl 
virulence can hardly serve tn distinguish as separate ' 
species these varieties that are utlierwisc alike ; more- J 
over, the histological conditions found at the site of l 
inoculation in animals that have not siiocumbed, hut in f 
whieh only the local reaction has apjjeared, are i 
cases characterized by the same changes that are » 
at anto)>sy in auimuls in which the inoi-idatiou I 
pnjvon fiitjil. 

In the course of their oltservations niion a large] 
numher of cases, Roux and Yersin found that it v 
not difficult to detect in the diphtheritii- deposits of one 
and the same individual bacilli of identical cultural 
and moqjhologiail pecnliariticf, but of very ditterait 
degrees of virulence, and tliat with the progress of the 
disease toward reeo\'cry the less virulent varieties often , 
became quite frequent.' 

There is. moreover, a mitd form of diphtheria affectii^ ] 
only the mucous membrane of tiu' nare«, known as 1 
nienihmnous rhinitis, from which it is very common to t 
obtjiin cultures in all respects identical with those from ' 
typical diphtheria, save fur their jmwer to kill suscepti- 
hle animals. On inoculation these cultures prodtioe 
only local reactions, hut these are characterized histo- 
logically by the same tissue changes that follow inocu- 
lation with the fully virulent organism. 

Clinically, membranous rhinitis is never such au 
alarming dis(>ase as is laryugeal or pharyngeal diph- 
theria, and, as stated, the oi^nisms musing it arc often 
of a low degi-ee of virnleiKW, though they are, never- 
theless, genuine diphtheria Iku'iIH. 



INOCULATIONS WITH B. DIPHTHERIJE. 293 

For those organisms that are in all respects identical 
with the virulent bacillus diphiherice, save for their in- 
ability to kill guinea-pigs, the designation " j)seudo- 
diphtheritic bacillus" is usually employed, but from 
such observations as those just cited we are inclined to 
the opinion that jw»eM</o-diphtheritic, as applied to an 
organism in all respects identical with the genuine 
bacillus, except that it is not fatal to susceptible *ani- 
mals, IS a misnomer, and that it would be more nearly 
correct to designatt* this organism as the attenuated or 
non -virulent diphtheritic ba(*itlus, reserving the term 
" j)seudo-diphtheritic" for that organism or group of 
organisms (for tkere are probably several) that is enough 
like the diphtheria bacillus to attract attention, but is 
distinguishable from it by certain morphologicsil and 
cultural i)eculiarities aside from the question of viru- 
lence. 

It is a well-known fact that many pathogenic organ- 
isms — conspicuous among these bi»ing the micrococcus 
lanaH)latus, the stiiphylococx*us pyogenes aureus, and 
the group of so-called hemorrhagic s(»pti(wmia organ- 
isms — undergo marked variations in the dc»gree of their 
pathogenic pro|K»rties; and yet these organisms, when 
found either devoid of this })eculiaritv, or |K)ss(»ssiiig it 
to a diminished degrw, are not designated as "pseudo" 
forms of these organisms, but simply as the organisms 
themselves, the virulence of which, from various causes, 
has l>een modified. 

NoTK. — Pn»|>are cover-slip pn^panitions from the 
mouth-i'avitv of healthy individuals and from thost* 
havinti: decayed ttn^th. Do they correspond in anv wav 
with those made from diphtheria? Do the same with 
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different forms of sore-throat. Do the peculiarities of 
any of the organisms suggest those of the bacillus of 
diphtheria? Wherein is the difference? 

In cultures and cover-sli}>s made from both diphtheria 
and from innocent sore-thruats are there any organisms 
which are almost constantly present ? Which are they, 
and what are their characteristics ? 

Which are the predominating organisms in the an- 
ginas of scarlet fever? 

Do these organisms simulate, in their cultural and 
morphological peculiarities, any of the different species 
with which you have been working? 



CHAPTER XXI. 

Typhoid fever— Study of the organism concerned in its production— The 
btieUfium eoH commune— Its resemblance to the bacillus of typhoid fever- 
Its morphological, cultural, and pathogenic properties— Its dlflbrentlation 
fh>m the baeiUus typhi dbdominalia. 

The organism, discovered by Eberth and by Gaff ky, 
generally recognized as the etiological factor in the 
production of typhoid fever, may be described as 
follows : 

It is a bacillus about three times as long as it is broad, 
with rounded ends. It may appear at one time as very 
short ovals, at another time as long threads, and both 
forms may occur together. Its breadth remains toler- 
ably constant. Its morphology presents little that will 
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BaeUlui typhi abdominali$ from 
culture twenty-four hours old, on 
agar-agar. 



BnciUuM typhi abdominatU show- 
ing flagella stained by LUffler's 
method. 



aid in its identification (sec Fig. 56). It sfciins a trifle 
less rt^adilv with the aniline dves than do most of the 
other organisms. It is very actively motile, and when 
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atuned by the special method of Loffler (see thie 
metliod io chapter on Stainings) ie aecD to poaaess very 
delicate locomotive organii in the form of fine, hair-like 
flagella, which are given off* in large numbers from all 
parts of ita surface (see Fig. 57). These flagella are 
not seen in unstained prGparations, nor are they ren- 
dered visible by the ordinary methods of staining. 

In patients suffering from this disease it has been 
found during life in the blood, urine, and feces, and at 
autopsies in the tissues of the spleen, liver, kidneys, 
intestinal lymphatic glands, and intestines. 

Gei-atin Plates. — Its growth, when seen in the 
depths of the medium, presents nothing characteristic, ap- 
pearing simply as round or oval, finally granular points. 
On the surface it develops as very superficial, blue-white 
colonies, with irregular Iwrders. They are a little denser 
at the centre than at the ])cripherv. When magnified, 




Colon; of baeOiMt IvplH abdomttiaUi on geluln. 



the colonies present wrinkles or folds, wiiich give to 
them, in miniature, the apiieaninoc seen in the relief 
mai>8 made to represent mountainous districts. These 
oiilonios have sometimes the apjiearauoc of flattened 
pellides of glass-wool, and usually present more or less 
of a p<'arl-likf lustre. 

Ox A«iAR-A(iAit the colonics present nothing typical. 
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Stab Cultures. — In stab cultures the growth is 
mostly on the surface, there being only a very limited 
development down the track made by the needle. The 
surface growth has the same appearance in general as 
that given for the colonies. 

Potato. — The growth on potato is usually described 
as luxuriant but invisible, making its presence evident 
only by the production of a slight increase of moisture 
at the inoculated point, and by a limited resistance 
offered to the needle when scraped across the track 
of growth. While this is true in most cases, yet it 
cannot be considered as constant, for at times this 
organism is seen to develop more or less visibly on 
potato. 

Potato Gelatin. — The growth is similar to that 
upon onlinary nutrient gelatin. 

Milk. — It does not cause coagulation when grown in 
sterilized milk. 

It does not liquefy gelatin. 

It grows both with and without oxygen. 

It does not produce indol. 

In l)ouillon it causes a uniform clouding of the 
medium and brings al)out a slightly acid reaction. 

It does not grow rapidly. 

It does not produce fermentation, and on lactose- 
litmus-agar grows as pale-blue colonies, causing no 
rcnldcning of the surrounding mcHliunu In the fermen- 
tation tulK», in glucose or lactose bouillon, no evolution 
of gas as a rc»sult of fermentation occurs. 

It does not form spores. The irregularities of stain- 
ing so commonly seen in this organism have in some 
instances led to the belief that the puK% unstained iK)r- 
tions of the bacilli iudicate the prc^sence of spores. 
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More reliable tests, however, have demonstrated the 
error of this opinion. 

It grows at any temperature between 20® C. and 38** 
C, though more fistvorably at the latter point. 

It is very sensitive to high temperatures, being killed 
by an exposure of ten minutes to 60® C, and in a much 
shorter time to slightly higher temperatures. 

Owing to a tendency toward retraction of its proto- 
plasm from the cell envelope and the consequent pro- 
duction of vacuoles in the bacilli, tlie staining of this 
organism is usually more or less irregular. At some 
points in a single cell marked difierences in the intensity 
of the staining will be seen, and here and there areas 
quite free from color can commonly be detected. These 
colorless portions are often so cleanly cut in outline as 
to look as if they had been punched out with a sharp 
instrument. (Diagraramatically r(»presented in Fig. 59.) 
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Dla^rntmmatic rcpresentalioii of retraction of protoplasm, with production 
of pale point8, in the bacitltu typhi abdominaJtU, 

PiiK^KNC K IX Tissrpis. — It is not easv to demonstrate 
this organism in tissues unless it is present in large 
nunilK^rs. The manipulations to which the sec*tions are 
subje<t(Kl in l)einjr inount^Hl often rob the bacilli of their 
staining, and render them invisible, or nearly so. If, 
howcvci% sections be stained in the carbolic-fnehsin solu- 
tion, eithei' at the ordinary teniiK*ratnrt* of the n)om 
or at a higher temperature (40° to 45° C), then washed 
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out in absolute alcohol, and cleared up in xylol and 
mounted in balsam, the bacilli (particularly if the tissue 
is the liver or spleen) can readily be detected massed 
together in their characteristic clumps. If used in the 
same way, the alkaline methylene-blue solution gives 
also very satisfactory results. 

In seanJiing for the typhoid bacilli in tissues, their 
mode of growth under these circumstances must always 
be lx)rne in mind, otherwise much labor will be ex- 
pended in vain. In tissues the typhoid bacilli do not 
lie scattered about in the same way as do the organisms 
in tissues from cases of septicaemia ; they are not 
i*egularly distributed along the course of the capillaries, 
but are localized in small clumps through the tissues, 
and it is for these clumps, which are easily detected 
under the low-power objective, that one should search. 
When the section is preparcni for examination, if it be 
gone over with the low-|)ower objective, one will notice 
at irr(*gular intervals little masses that look in every 
resiKK't like particles of stain ing-matter which have been 
pnx^ipitated upon the section at that ymni. When these 
little masses are examined with a higher power objective 
thev will l)c found to consist of small ovals or short 
rods so closely packed together that the individuals 
composing the clump can oflen Ik> s(*en only at the very 
jK»riphery of the mass. This is the characteristic ap- 
|)earaiice of the typhoid organism in tissues. The little 
masses are usually in the neighl>orhood of a capillary. 

Kesitlt of Inhhulatiox into Ijoweu Animai;8. — 
A great many cx})eriments have Ix^eii made with the 
view of reproducing the pathologi(sil conditions of this 
disease, as sec»n in man, in the tissues of lower animals, 
but with limiteil sucix»ss. Fatal results without the 
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appearance of the typical pathological changes have fre- 
quently followed these attempts, but in most cases they 
could easily be traced to the toxic.' rather than to the 
truly infective' action of the materials introduced into 
the animals. 

The most successful efforts for the production of the 
typical typhoid lesions in lower animals are those 
reported by Cygnaeus. By tlie introduction of the 
typhoid bacilli into the tissues of dogs, rabbits, and mice 
he was able to produce in the small intestines conditions 
that were histologically and to the naked eye analogous 
to those found in the human subject. 

Of a number of experiments made by the writer 
with the same obj(H5t in view, only one positive result 
followed the intro<lu<'tion of typhoid bacilli into the 
eireulution of rabbits. In this («se the ulcer in the 
ileum was niacnKS<'<»|)i('jilly and micros<x>pi«illy identical 
with those' found at autopsy in the small intestine of 
the human subjiM't dead of this disease. The typhoid 
bacilli w(»ro not only obtained from the spleen of the 
aiiiuial by culture meth(Kls, but were also demonstrated 
mieroscopiejilly in their characteristic el umj>s in sections 
of the organ. 

In <*onn(H'tion with the inoculation of animals with 
the bixcilluH typhi abdomimdhy observations of a most 
iuiiM)rtant nature have re<*ently Ikh^u made ujxm the 
artificial indu<'tion of susceptibility to its {mthogenic 
action by Sanarclli.' He found that rabbits, ^uinea- 
I)igs, and mice could 1k» rc^ndcriMl susc<»ptible to in- 

> Toxic Pt)Isonou8 rcsultu not necessarily accomi«nied by the growth of 
organiBins throughout the tiieucf*. 

* lofcctivo or septic— Ptiisoning of the tissues as a result of the growth of 
bacteria in them. 

* Sanarelli : Annalea de I'lnstitat Pasteur, 1892. tome ▼!. 
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fection by this organism by injecting into them the 
products of growth of certain saprophytes — j>roteu8 
vulgaris, baciUua prodiffiosuSy and badenum coli com- 
mune — and that by whatever means the animal was sub- 
sequently inoculated with fresh cultures of the typhoid 
bacillus, either into the circulation or into the perito- 
neal cavity, death resulted in from twelve to forty- 
eight hours, with the most conspicuous patiiological 
alterations in the digestive tract, and particularly in the 
small intestines. In these cases the infection is general 
and the organisms may be recovered from the blood 
and internal organs. It is the opinion of Sanarelli 
that the toxic conditions produced by the preliminary 
injections of the products of growth of the saprophytic 
organisms may be considered as analogous to a sim- 
ilar condition that may occur in man from the ab- 
sorption of abnormal products of fermentation from 
the intestinal canal — an auto-intoxication that so re- 
duces the resistance of the individual as to render him 
sus<*eptible to infection by the bacillus of typhoid fever, 
should it gain access to his alimentary tract. 

More recently it was found bv Alessi * that rats, 
guinea-pigs, and rabbits, when permitted to breathe the 
gaseous products of decomposition from the contents of 
a cesspool, or from other decomposing matters, grad- 
ually became susceptible to infwtion by the typhoid 
l>acillus. After an cx}>osure of from five to seventy- 
two days in the case of rats, stn^en to fifty-eight days in 
the case of guinea-pigs, and three to eigliteen days in 
the case of rabbits, the resistance of the animals was so 
diminished that inoculation with rclativelv small 



1 AlesBi: Centralblatt fur Bakteriologie u. Parasi ten k undo, 1K94, Fkl. xv., 
No. 7, p. 228. 
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amounts of cultures of the typhoid bacillus proved fatal 
in from twelve to thirty-sis hours. Aiitopsi(« upon 
these auiinals revealed the presence of hemorrhagie 
enteritis, hypertrophy of I'ej'er's pateha*, and eulai^fe- 
raent of the spleen. The bacilli were foiiud in tin- 
blood, liver, and spleen. 

The importance of these ol)Bervatiou8 in tlicir l>earing 
upon the etiologj- of typhoid fever, if they arc denion- 
strated by subsequent experiment to he trustworthy, is 
too obvious to necessitate emphasis, and it is greatly to 
be desirwl that they may not be permitted to pass 
imnotii.'ed, but that others interested may lind occasion 
to institute experiments in tlic same diret^'tion with the 
hope that some light may iw shed upon the mooteti 
(piestion concerning the inHuence of gaseous products 
of decoin[)oHilion u|»on the health of individuals, and 
particularly uimjii the part played by them in dimin- 
ishing natural resistani-e to infection. 

Because of the variations in the morphology and cnl- 
tural pecidiarities of this oi^ianism, and liecausc of the 
difficulty expiTtenced in efforts to npniduce in lower 
animale the eonditions found in the human subject, 
typhoid fever is bacteriologiially one of tlie most nn- 
satisfactory of the infectious diseases. 

There are a numberof other organisms whicli Ifot.ini- 
cally apiiear to be ao closely relate*! to the typhoid l«uil- 
luB, and which, with our pn'sent methods for studying 
them, so closely simulate it that the difficulty of identify- 
ing this organism sonietinies is very great. In addition 
to this, the variability constantly i*ecn in pure cultures 
of the typhoid bacillus itself in no way renders the 
task more simple. 

For example, the [imrpliology of the typhoid liacill lis 
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IS conspicuously inconstant; its growth on potato, 
whicli is usually given as characteristic, may, with the 
same culture, at one time appear as the typical invisible 
development, at another time it may grow in a way 
easily to be seen with the naked eye ; and the change of 
reaction which it is said to produce in bouillon is some- 
times much more intense than at others. 

The only proi)erties jwssessed by it that may be said 
to Ixj constant are its motility, its inability to cause 
fermentation of glucose, lactose, and saccharose, its 
incapacity for coagulating milk, the absence of indol- 
productiou, and its growth on gelatin plates ; but there 
are other organisms which approach these same charac- 
teristics to a degree tliat renders their differentiation 
from the typhoid organism often a matter that requires 
the careful application of all these differential tests. 

These points should be borne in mind in the exami- 
nation of drinking-water supiK)sed to be contaminated 
by typhoid dejections, for the organisms which most 
nearly approach the typhoid bacillus in growth and 
morphology are just thos(» organisms which would 
apjK»ar in water contaminated from cvsspools, i, e,^ the 
organisms coUvStantly found in the normal intestinal 
tract. Even in the stools of typhoid-fever patients 
the presence of these normal inhabit^ints of the intes- 
tinal tract renders the isolation of the typhoid organisms 
somewhat tmublesome. 

The spleen of a patient dead of typhoid fever is the 
safest plac« from which to obtain cultures of this organ- 
ism for study. But it must always be remembered that 
the same channels through whi(^h the typhoid bacillus 
gains access to this viscus are likewise open to other 
organisms present in the intestines, and for this reason 
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the baderium coli commune, a normal inlmbi'tant 
the coloD, may also be found in tliis locality. 

NoTB. — (Obtain a pure (!iiltiire of typlinid bacilli, and 
from this make inoculations upon a aeries of potatoes of 
different age and from different sources. Do they i 
grow alike? 

Before steriliiiing;, render another lot of potato 
slightly acid with a few drops of very dilute acetie 
acid; render. others very slightly alkaline with dihito 
canstie soda. Do any differences in the growth resnlt 1 

Make a series of twelve tubes of jwptone solntion ( 
which rosolic acid has been added. Inoculate them n 
with its near the same amonnt of material as ]H)sHibt# 
(one loopful from a bouillon culture into eacJi tnbe) ; 
plaee thein all lu the incubator. Is the color-change, 
as comjiared with the control tube, the same in all cases % 

Compare tlie morphology of cultures of the same a 
on gelatin, £^r-agar, and potato. 

Select a culture in which the vacnolations are quid 
marked. Examine this culture unstained. Do the oq 
' gauisms look as if they contained spores? How woiili 
you demonstrate that the vacuolation.'? are not spores f^J 

Obtain from the normal feces a pure culture of tl 
»immonest organism present. Write a fidl desiTtptiol 
of it. Now make )>arallel cultures of this organism a 
of tiie typhoid organism on all the different media 
How do they differ? In what i-espccta are theg 
similar? 

Bacterium Coli CoMMrJNK (colon l>acillus; ba 
NeapolUanua of Emmerich). — This organism was fount 
by Escherich, in 1885, in the intestinal discharges < 
milk-fed infants. It has since been demonstrated | 
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be a normal inhabitant of the intestines of man and of 
certain domestic animals (cattle, hogs, dogs). 

For a time after its discovery it was considered of 
but little importance and attracted attention only 
because of its resemblance, in certain respects, to the 
l)acillus of typhoid fever, with which it was occasionally 
confounded. In this particular it is still a subject for 
study, and some have even gone so far as to r^ard 
them as modifications of the same species, though in 
the present state of our knowledge this is certainly 
overstepping the mark. That they possess in common 
certain general points of resemblance and often approach 
one another in some of their biological peculiarities is 
true; but, as we shall learn, they each possess peculiarities 
which, when taken together, render their differentiation 
from one another a matter of but little difficulty. 

With the wider application of bacteriological methods 
to the study of jmthological processes it was occasion- 
ally observed that, under favorable circumstances, this 
organism was disseminated from its normal habitat and 
api)eared in remote organs, often associated with diseased 
conditions. This was also, at first, considered of but 
trifling moment, and its presence in these localities was 
usually explained as accidental. Its repeated ap})earance, 
however, in different parts of the body outside of the 
intestines and the frequency of its association with 
})athological conditions ultimately attracted attention to 
it, and in consequence during the past two or three 
years a great deal has been written concerning the 
possible pathogenic nature of this organism. 

The fact that it is alwavs with us in most intimate 

* 

association with certain of our life j)rocesses, together 
with the fact that it is known to apj)ear in organs other 
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than tliat in which it is normally located, and that its 
oaMirrcnit) in diseased conditions is not rare, justifies 
tlio opinion tliat it is one of the most important of the 
micro-organisms with which we have to deal. 

While not generally considered to be a pathogenic 
organiHin^ there is, nevertheless, sufficient evidence to 
warnmt the statement that, under favorable conditions, 
witli which we are not entirely familiar, this organism 
may iisHume ^latliogenic properties and that its presence 
ill dif4eaM(Hl (x^nditions is not always to be considered as 
ac(Mdent4il, though this is frequently the case. 

'V\\K\ morpliological and cultural peculiarities of the 
iHwierium coti commune are as follows : 

Morphology, In shai)e it is a rod with rounded 
t'lids, Homotinu^ so short as to appear almost spherical, 
whiles apiin it is siHin as very much longer threads. 
()ft<»ii lH)th Forms will Ih» asscKnated in the same culture. 
It nmv (HH^iir as sinjijle cells or as pairs, joined end-to- 
011(1. ThcMHi is uothinj]: to l)0 sjiid of its morphology 
that ran aid in its idontiK(^ition, for in this resjKict it 
siinulaU^s many oUut orgiinisms. It is usually said to 
Im' niotilc, and undoiihtcdly is motile in the majority of 
(^iscs, hut. its movements are so sluggish that a positive 
opinion is oflvn difticnilt. 

Hy Liilllcr's method of staining, flagella can Ix? 
ihMnonstnit4Kl, though not in such numbers as are seen 
to (XH'ur on the typhoid fever bacillus. 

Ft docs not form spores. 

It grows both with and without oxygen. 

On (jeUdin, When on the surfaces its colonies appear 
as small, dry, irregular, flat, blue-white {>oints that are 
commonly somewhat dcntated at tlic margin. They 
are a trifle denser at the centre than at the periphery. 
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and are often marked at or near the middle by an oval 
or round nucleus-like mass — ^tlie original colony from 
which the layer on the surface developed. When located 
in the depths of the gelatin, and examined with a low- 
jK)wer lens, they are at first seen to be finely granular 
and of a very pale greenish-yellow color ; later they 
l)ecome denser, darker, and much more markedly 
granular. In shape they are round, oval, and lozenge- 
like. When the surface colonies are viewed under a 
low power of the microscope they present essentially 
the same appearance as that given for the bacillus of 
tyj)hoid fever, viz.: they resemble flattened pellicles of 
glass- wall, or patches of finely ground colorless glass. 
Colonies of this organism on gelatin are frequently 
encountered that cannot be distinguished from those 
resulting from the growth of the bacillus of typhoid 
fever. 

In stab and smear cultures on gelatin the surface 
growth is flat, dry, and blue-white or i>earl color. 
Limited growth owurs along the track of the needle in 
the depths of the gelatin. As the culture becf>mes 
older the gelatin round al)out the surface growth may 
gradually lose its tninsparency and Ixx^ome cloudy, 
often quite opaque. In still older cultures small roots, 
or branch-like projections from the surface growth into 
the gelatin are sometimes seen to occur. 

It d(x»s not cause liquefaction of gelatin. 

Its growth on nutrient agar-agar and on blood- 
serum is luxuriant but not characteristic. 

In bouillon it causes difliise clouding with sedi- 
mcmtation. In some bouillon cultures an attempt at 
jxillicle formation on the surface* may be seen, but this 
is not always the case. In old bouillon cultures the 
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reaction is seen to have become alkaline, and a decided 
ccnlf (xlor may be detected. 

It ])ro(lu(*e8 indol in bouillon and in peptone aolutioD. 

ItH growth on potato is rapid and voluminous, appear- 
ing afler twenty-four to thirty-six hours in the incubator 
as a more or less lobulated layer of a drab, dark-cream, 
or brownisli-yellow color. 

In neutral milk containing a little litmus tincture 
the hhie color is changed to red after from eighteen to 
twenty-fotir Iiours in the incubator, and in addition the 
majority of cultures cause a firm coagulation of the 
(iiHcin in al>out thirty-six hours, though frequently 
tluH takes longer. Very rarely ^ the litmus may indicate 
tlie produc^tiou of acid and no coagulation occur. 

In nuHlia <M)ntaining glucose it grows rapidly and 
(•aiiw^s active fennentation with liberation of carbonic 
acid and liydrogi^n. If eultivated in solid media to 
whi(^h jj^lncose (2 jht («nt.) has been added, the gas- 
formation is riH^ignizeil by the api^carauce of numerous 
bubbles along and about the tnick of the growth. If 
enitivat4Hl in fluid nunlia, also containing glucose, in the 
fermentation tnln*, evidenw of fermentation is given 
by th(» (H)ll(M'tion of gas in the elosed arm of the tul)e. 

On Ia<*tost»-Iitmns-agjir its (H)l(mie8 are pink and the 
<H)Ior of the surrounding medium is changed from blue 
to red. 

In Dunham's |)eptone solution it pnxluces indol in 
from forty-(»ight to seventy-two hours. 

It stains with the ordinarv aniline dves. It is de- 
colorizcnl when tr(*at<»<l with ifnline afler having been 
staine<l bv the method of (iirani. 

Hy coin|)anng what has bwn said of the bacillus typhi 
ahdominalis and of the bacterium coli commune it will 
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be seen that while they simulate eac^h other in certain 
respects they still possess individual characterLstics by 
which they may readily be diflFerentiated. The most 
important of the differential points are : 

1. Motility of the bacilivs typhi abdominaUs is much 
more conspicuous^ as a rule, than is that of the bacterium 
coli commune. 

2. On gelatin the colonies of the typhoid bacillus 
develop more slowly than do those of the colon 
bacillus. 

3. On potato the growth of the typhoid bacillus is 
usually invisible (though not always), while that of the 
colon bacillus is rapid, luxuriant and always visible. 

4. The typhoid bacillus does not cause coagulation of 
milk with ac^id reliction. The cK)lon bacillus does this 
in from thirty-six to forty-eight hours in the incubator. 

5. The typhoid bacillus never causes fermentation, 
with liberation of gjis, in meilia containing glucose, 
lactose*, or saccharose. The c^lon bacillus is consi)icuou8 
for its power of causing fermentation in such solu- 
tions. 

6. In nutrient agar-agar or gelatin cH>ntaining lactose 
and litmus tincture, and of a slightly alkaline reai»tion, 
the (X)lor of the colonies of tyj)hoid bacillus is blue, 
and there is no reddening of the surrounding medium, 
while the c*olonies of the colon bacillus are pink and the 
medium round about them be(H)mcs red. 

7. The typhoid bacillus does not |)ossess the property 
of producing indol in solutions of jwptonc ; the 
growth of the colon bacillus in these* solutions is 
accompanied by the j)roduction of indol in from forty- 
eight to seventy-two hours at 37^ to 38° C. 

Animal inoculations. As with tlie l)acillus of typhoid 

14* 
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fevBTy the results of inoculation of animals with cultures 
of this organism cannot be safely predicted. According 
to the observations of Escherich, EmmerichyWeisBer, and 
others, the results that do appear are in most instances 
to be attributed to the toxic rather than to the infective 
properties of the culture used. 

When introduced into the subcutaneous tissues of 
mice it has no effect, while similar inoculations of 
guinea-pigs are sometimes (not always) followed by 
abscess formation at the point of injury, or by altera- 
tions very similar to those produced by intra-vascular 
inoculation, viz.: death in less than twenty-four hours, 
accompanied by redness of the peritoneum and marked 
hypenemiu and ecchymoses of the small intestine; 
together with swelling of Peyer's patches. The cax^um 
and colon may remain unchanged or present enlarged 
follicles. There may or may not be an accumulation 
of fluid in the abdominal cavity, but peritonitis is 
rarely prt»sent. The small intestines may contain 
blooily mucus. 

Iiitni-venous inoculation of rabbits may be followed 
by similar changes with often the occurrence of diar- 
rh<L»a lK»forc death, which may, in the acute cases, result 
in from three to forty hours. In another group of 
(jasos acute fatal intoxication does not result, and the 
animal lives for weeks or months, dying ultimately of 
what app(»ars to l>e the eifei'ts of a slow or chronic form 
of infection. For a few hours after inoculation these 
animals present no marked symptoms; exceptionally 
somnolence and diarrhtea have been observed at this 
jKiriod, indic^ating acute intoxic^ition from which the 
animal has recovered. The affet^tion is unattended by 
fever. The most marked symptom is loss of weight. 
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This is usually progressive from the first or se(X)nd day 
after inoculation, with slight fluctuations until death. 

At autopsy the animal is found to be emaciated. 
The subcutaneous tissues and the muscles appear pale 
and dry. The serous cavities, particularly the })eri- 
cardial, may contain some excess of serum. The viscera 
are anaemic. The spleen is small, thin, and pale. 
Exceptionally ulcers and ecchymoses are observed in 
the caecum, but generally there are no lesions of the 
intestinal tract. 

The most striking and constant lesions, those most 
characteristic of the affection, are in the bile and in the 
liver ; the quantity of bile may not exceed the normal, 
but in other cases the gall-bladder may l>e abnormally 
distended with bile. The bile is nearly iK>lorless or has 
a pale yellowish or brownish tint, with little or none of 
a greenish color. Its consistence is much less viscid 
than normal, being often thin and watery. It usually 
(X)ntains small, opaque, yellowish particles or clumps 
which can be seen floating in it, even through the walls 
of the gall-bladder. These clumps consist microscopi- 
cally of bile-stained, apparently necrotic, epithelial 
cells; leucocyU»s in small numbers; amorphous masses 
of bile pigment, and bacteria oft<in in zoogloea-like 
clumps. Similar material is found in the larger bile- 
ducts. 

The liver frequently contains opaque, whitish or 
yellowish-white s|K)ts and streaks of irregular size and 
sha|)e, which give a peculiar mottling to the organ when 
present in large numbers. These areas may he numer- 
ous, or only one or two may be found. Fn size they 
range from minute points to areas of from 2 to 3 cm. 
in extent. 
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By lliic;njsoopic exam i nation tlicy art' found to repre- 
sent places where the liver cella have uuderjj;une uwiiifiis 
accompanied with (.'mig;r.itioii of lencocytve, und tlic 
cells about tlicm arc in a iwnditiun of fatty (Icgcncnition. 

In B»<tiona of the Uver, ma.'isos of thu bacilli may Ixr 
discovered in and alwut the necrotic foci just destirilxHi. 

At thcBc autopsies tlie colon bacillus is not found 
generally dtstriiiuted through tlie body, but is only lu 
be deterl«l in the Vtile, Hvcr, and octaaionally in the 



spleen.' 
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CHAPTER XXII. 

The spirillum (comma bacillus) of Asiatic cholera— Its morphological aud 
cultural peculiarities— Pathogenic properties— The bacteriological diagnosis of 
Asiatic cholera. 

At the conference held in Berlin in 1884 for the 
purj)ose of discussing the cholera question, it was 
announced by Koch* that he had discovered in the 
intestinal evacuations of individuals suffering from 
Asiatic cholera a micro-organism that he believed to 
l)e the cause of the malady. The importance of this 
statement necessarily attracted widespread attention to 
the subject, and as one of the results there existed, 
for a short time following, some skepticism as to tlie 
accuracy of Koch's claim. These doubts arose as a 
result of a series of contributions from other observers 
who endeavored to prove that the organism found by 
Koch in cholera evacuations was one that is common 
to other localities, and n.ot a sjxK;ific accompaniment 
of this disease. It was not very long, however, 
l>efore it was evident that the objections raised by 
the op{M)nents of Koch were based upon untrustworthy 
observations, and that by reliable methods of investi- 
gation the organism to which he had called attention 
could be easily differentiated from either and all of those 
with which it was claimed to be identical. 

This organism, known as the spirillum of Asiatic 
cholera and as Kixjh's "comma bacillus/' btn^tiuso of its 
morphology, is identified by the following pe<Miliarities : 

1 Verhandlungen der Couferenz zur Ertirteruug dcr Chulerufrage. IHHl, 
Berlin. 
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THE MORPUOLOOICAL AND BIOLOGICAL PECULIARTTIBB 
OF THE SPIRILLUM OF ASIATIC CHOLERA. 

Morphology. It is a slightly curved rod of about 
from 0.8 to 2 /< in length and from one-sixth to one- 
third in thickness ; that is to say, it is from about one- 
half to two-thirds the length of the tubercle bacillus, 
but is thicker and plumper. Its curve is usually not 
more marked than that of a comma^ and, indeed, it is often 
almost straight; at times, though, the curve is much 
more pronounced, and may even describe a semicircle. 
Occasionally the curve may be double, one comma 
joining another, with tlieir convexities pointing in 
opposite dircc^tions, so that a figure similar to the letter 
S is pnxluccd. In cultures, long spiral or undulating 
threiuls may often l)e seen. From these appearances 
this orgiinisni cannot be considered a bacillus, but rather 
an interineiHate tyiHJ between the bacilli and the spirilla. 
K(K*li thinks it not improbable that the short comma 
forms n'prc»scnt st»j^inents of a true spirillum, the normal 
form of the organism. (Fig. GO.) 



Fig. GU. 
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spirillum or Actetlc cholera. Impromlon covor-isllp (h>in a 
colouy tbirty-four houn old. 

It docs not form spores, anil we have no reliable 
evi<lenec tliat it iwssesses the projRirty of entering at 
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any time a stage when its powers of resistance to detri- 
mental agencies are increased. 

It is a flagellated organism^ but has only a single 
flagellum attached to one of its ends. 

It is actively motile, especially in the comma stage, 
though the long spiral forms also possess this property. 

Grouping, As found in the slimy flakes in the intes- 
tinal discharges from cholera patients, Koch likens its 
mode of grouping to that seen in a school of small fish 
when swimming up stream, i. 6., they all point in nearly 
tlie same direction and lie in irregularly parallel, linear 
groups that are formed by one comma being located 
behind the other without being attached to it. 

Pig. 61. 

8. 
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Involution forms of the spirillum ot Asiatic cholera, as seen in old cultures. 

On cover-slip ])reparations made from culturt^s in the 
ordinary way there is nothing characteristic about the 
grou]>ing, but in impression cover-slips made from 
young cultures the short commas will nearly always be 
seen in small groups of three or four, lying together in 
such a way as to have their long axes nearly parallel 
to one another. (See Fig. 60.) 

In old cultures in which development lias ceascnl, it 
undergoes degenerative changes, and the characteristic 
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comma and spiral shajies may enUrely diaappear, thei^^ 
platu b(!iug tukcu by irri'gular involution forms tbst ( 
present every variety of outline, (See Fig. til.) lo i 
tiiie stage they take od the staining very tbelily, and | 
ofleu not at all. 

Cultural pecufiaritleii. On plat<« of nutrient gelatin 
tliat have lx>rn prtpan^l from a pure oiilture of tLi» 
organism and kept iit a temi>enitiirc of fi-om 2(1° to 22° 
C, development ean oRo n be observwi after as short a 
[leriod as twelve hours, but frequently not l>eforc sixtcren 
to eightwn hours. This is (AjkhuuIIv true of the first 
or "original " plate, containing the largest mimbcr of 
csilonies. At this time the plate will present to tlje 
nuke<l eye au a|)pearau('c tliat has been likened to a 
groimd^lHss surfjuv, or tt> a surface that has beoa 
stippled with n very finely ixiinted needle, or one 
iiixm whicli very fine dnst han been sprinkled. This 
apjKflraDw; is due to the jtresi'nce of minute eiilunies 
elosely piicked t<)gether ujtou the surfaee of the gt^latin. 
In the depth of the gi-latin ean also be seen, elosely 
[laeked, small jtoiuts, likewise representing growing I 
i-olonies. As growth progresses liquefootion oecura 
around the su|>erfieial colonies, and in <^«nser|nen<« this 
plate is usually entirely liquid after from twenty-four 
to thirty hours; the developmental phases throngh 
which tile eolonies yiam eannot, therefore, be studied 
U{H)U it. 

On plates 2 and -3, where the colonies are more widely 
separated, they can be seen after twenty-four to tliirty 
hours as small, round, or oval, whit« or ennm-white 
|H)ints, and when loeatcd euperfieiully there ean be 
deteeted aniund them a narrow trausjiarent zone of 
liijuefm-tJon. As growth continues, this liquefacdoD 
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extends downward rather than laterally, and the wlony 
ultimately assumes the appearance of a dense, white 
mass lying at the Itottum uf a sharply-ctit pit or funnel 
containing trao3{>arent fluid. This liquefaction is never 
very ^videspread nor rapid, and rarely extends for more 
than one millimetre beyond the colony proper. On 
plates containing few colonies there is but little or no 
tendency for them to become confluent, and, as a rule, 
tlicy do not exceed 2 to 3 mm. as an average diameter. 
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«r elileen to eighteen hoaTS. 
e. After Iblnr-eighl to rorty b 
e. Afler ilxlr-four to WTeDlr b( 



When examined under a low magnifying lens the 
very young colonics (sixteen to eighteen hours) appear 
as [Jale, tranahicent, granular globules of a very delicate 
greenish or yellowish-green color, sharply outlined and 
not perfectly round. (See a, Fig. 62.) Ah growth 
progresses, this homogeneous gninuhtr ajiiK'anincc is 
replaced by an irn^ular lobulation, and ultimatelv the 
sharply-cut margin of the wihiny becomes dentate):! or 
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scalloped. (See 6 and o, Fig. 62.) After forty-eight 
hours (and frequently sooner)^ lique&etion of the gelatin 
lias taken place to such an extent that the appearance 
of the colony is entirely altered. Under the magnify- 
ing glass the colony proper is now seen to be torn and 
ragged about its edges, while here and there shreds of 
the colony can be detected scattered through the liquid . 
into wliich it is sinking. These shreds evidently repre- 
sent iK)rtions of the colony that have become detached 
from its margin as it gradually sank into the liquefied 
area. 

At dj in Fig. 62, will be seen a representation of the 
several apjx^arances afforded by the colonies at this 
stage. At the end of tlie second, or during the early 
part of the third day the sinking of the colonies into 
the li([uefieil pits, resulting from their growth, is about 
coinploto, and under a low lens they now ap])oar as 
denst', gnmular masses, surrounded by an an^ of lique- 
fai'tiou through which «in Ik? seen granular prolonga- 
tions of the (*olony, usually extending irregularly between 
tho jMTiphorv and the central msiss. (See c, Fig. 62.) If 
the j)eriphcry 1k» examinetl, it will be seen to Ix; fringed 
with delicate, cilia-like lines that radiate from it in 
much the same wav that cilia nuliate from the ends of 
(rcrtain columnar epithelial cecils. 

'rhcs(! are the more marked phas<»8 through which 
he colonics of this organism pass in their development 
on g(»latin plates. With some cultures the various ai>- 
pcaniuccs here giv(n api)ear more quickly, while in 
cultures from other soun»es thev mav be somewhat 
n'tardiHl. 

( )n j)lates of nutrient agiir-agar the ap|H»arance of the 
colonies is not characteristic. They apjwar as round or 
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oval patfhes of growth that are moist and tolembly I 
transimn?nt. The colonies on this medium at ;17° C 1 
natiirully grow to n lai^r size than do those iipoQ j 
gehitin at 22° C. 

In fiUib fiiltiires in gelatin there apitearB at the top \ 
of tfie needle track after thirty-six to forty-eight bouis 1 
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at 22° C. a ttmnll, fiiimel-sliaped deprcseicn. Am the 
growth progreesea, liqueruction will t>e seen to oociir 
about thia point. In tlie centre of the depreaaid^ 
be distinguished a small, dense, whitish dui 
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colony itself. As growth continues the depr* 
iucrf^asoA in extent and ultimiitely B.ssuDies bd app( 
ancx tlmt eonsists in tlie apparent sinking of the liquefied i 
liortion in such a way as Ka leave a perceptible air-space 
between the top of the liquid and the surface of the solid 
gelatin. The growth now appears to be capped by a 
small air-bubble, The impression given by it at this 
stiigo is not only that there has been a liqtietaction, but 
also a (xiittcidont evaporation of the fluid from tha-i 
liqUL'fied area and a constriction of tlie sujterticml op< 
iug of tlje funnel. (See a, b, c, and d, Fig. 63.) Liquet 
faction is not especially active along the deeper portioi 
of tlie track made by the needle, though in stab culturt 
in gelatin the liquefaction is niucJi more extensive thaoil 
that usually seen around colonies on plates. It sprc 
laterally at the upper portion, and after about a week] 
a lai^ part of the gelatin in the tube may have l>ecoin#| 
fluid, and the growth loses its characteristic appears 

Stab- and smear-cultures on agar-agar present noUi*' 
ing chanK'teristlc. They are usually only an exaggenr^fl 
tion of the ap[)eanuiee aCTorded by the single oolonieft| 
oil this mi-dium. 

Its growth in bouillou is luxuriant, (causing a difl\i8e 
clouding and tlie tiltimate prwluction of a delicate film 
ujwn the surtace. 

In sterilized milk of a neutral or amphoteric i 
tion at a temperature of .36°— 38°C. it develops activetjf^ 
nod gradually produces an acid reaction with o 
tion of the casein. It retains its vitality under 1 
conditions for about three weeks or more. The bltf) 
color of milk ta whioli neutral litmus tincture has b 
added is changed to pink after thirty-six or forty-eig 
hours at body (4.'ra])eraturf?. 
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Its growth in peptone solution, either that of Dun- 
ham (see Special Media) or the one preferred by Koch, 
viz., 2 parts Witte's peptone, 1 part sodium chloride, 
and 100 parts distilled water, is accompanied by the 
production of both indol and nitrites, so that after 
eight to twelve hours in the incubator at 37° C. the 
rose color characteristic of indol appears upon the 
addition of sulphuric acid alone. (See Indol Reac- 
tion.) 

In peptone solution to which rosolic acid has been 
added the red color is very much intensified after four 
or five days at 37° C. 

Its growth on potato of a slightly acid reaction is 
seen after three or four days at 37° C. as a dull, whit- 
ish, non-glistening patch at and about the site of inoc- 
ulation. It is not elevated above the surface of the 
jKitato, and can only be distinctly seen when held to 
the light in a particular position. Growth on acid 
potato occurs, however, only at or near the body tem- 
j)erature, owing probably to the acid reaction, which is 
sufficient to prevent development at a lower tempera- 
ture, but does not have this effect when the temjHjrature 
is more favorable. 

On solidified blood-serum the growth is usually said 
to be accompanied by slow liquefaction. I have not 
8U(jceeded in obtaining this result on I^ofBer's serum, 
nor have I detected anything characteristic about its 
growth on tliis medium. 

The temperature most favorable for its growth is 
l)etween 36° and 38° C It grows, but more slowly, 
at 17° C. Under 16° C. no growth is visible. 

It is not destroyed by freiv.ing. When exposed to 
65° C its vitality is destroyed in five minutes. 
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It is Btrictly aerobic, its development oeaaiii^ if the 
Kupplv of oxygen is cut off. 

I I tl(M>s not grow in an atmosphere of carbonic acid, 
hut is not killed by a temporary exposure to this gas. 
It dtH'H not grow in acid media, but flourishes best in 
nuMlia of nontml or slightly alkaline reaction. It is so 
MMiMitivo to tlic at*tion of acids that, at 22° C, its devel- 
opment is arrt'stiMi when an acid reaction equivalent to 
().()()({ to 0.08 |H'r t*ent hydrochloric or nitric acid is 
piH^MMit (Kitasato). 

III (Miltimis the development of this organism 
n*ni*lu's its niaxinunn relatively quickly, then remains 
stalinunrv for a short |>oriod, after whidi degeneration 
iN'^iiis. Thr dyin^ (imima bacilli become altered in 
tip|MMiriiii(*<' niul uss(nuotho(x>ndition known as "involu- 
tion forms/* (Sh» KIjj:. ()1.) When in this state they 
tnki' np f'olorin^ n^ajr^'nts very faintly or not at all, and 
mny lose cntin^ly tlu'ir clianu'toristic sha|>e. 

When piM'scnt witli otlicr l>a(*toria, under conditions 
fiivonililr to jii;n»wtli, tlu' comma bacillus at first grow^s 
nnicli moH' nipidly than do tho others; in twenty-four 
hours it will of\(Mi so ontnumhor the other organisms 
present that mieros<H)pi<^ examination would lead one 
to think thai the matiTial under (nmsidcration ^^^as a 
pun» rulture of* this orj^jmism. Tins, however, does not 
last, lonj^er than two oy thnr iluys; they then begin to 
k\\k\ and th(» u\\wv organisms jrain the jiscvndeney. This 
fjK't has heen taken advantage of by Schottelius* in the 
following methml deviseil by him for the bacteriological 
examination of dej(»eti(ms from (cholera patients: 

In d(»j(H*tion.s that arc not examined immediately 

1 Ucutflcho med. Wochenschrift. 1885, No. 14. 
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after being passed it is oft«n difficult, because of the 
large number of other bacteria that may be present, to 
detect with certainty the cholera organism by micro- 
scopical examination. It is advantageous in these cases 
to mix the dejections with about double their volume 
of slightly alkaline beef tea, and allow them to stand 
for alwut twelve hours at a temperature of between 30° 
and 40° C. There appears at the end of this time, 
especially upon the surface of the fluid, a conspicuous 
incTcasc in the number of comma bacilli, and cover-slip 
preparations made from the upjKJr layers of the fluid 
will reveal an almost pure culture of this organism. 

Tt ia not improbable that a similar process occurs in the 
intestines of those suffering from Asiatic cholera, viz.: 
a nipid multiplication of the comma bacilli that have 
gained aceess to tlie intestines takes pliu»e, but lasts for 
only a short time, wlicn the comma bacilli begin to dis- 
ap[>ear, and after a few days their place is taken by 
otlier organisms. 

In conn(»ction witli his exjieriments ujK>n the poison 
prcKluceil by the cholera organism, Pfeiffer * states that 
in very young (Miltur(\s, grown under the ac(^ess of 
oxygiMi, th(»re is present a j)oisonous body that iK)Ssess(»s 
intens(» toxic prop(»rties. This primary cholera-j)oison 
stands in verv clos(» relation to the material com- 
posing the IkhHcs of the bacteria themselves, and is 
probably an integral constituent of them, for the 
vitality of the cholera spirilla can be destroyed by 
means of <*hloroform and thymol, and by drying, with- 
out, apparently, any alteration of this poisonous body. 
Absolute alcohol, concentrati'd soluticms of neutral 

1 ZcitAcbria f. Hygiene u. InfectioDHkrankheiten, Bd. xi, p. :^. 
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/ /;/.•..'/,/:'. •^. V/.vr. %::':.-al- are fol oo 
'/f *r,/ */»u,t:,y. 'fiii'...\^. :,'t *-3*f:t L^ pp>diKcd. and the 
*tf'/*Ai,.'u,' '-niuo^ f^: ootairiffi fiv»m tbe stomacli or 
it,u.-*.t,i^ *';,*■'/ Hr*: 'Ui^.rro%'*A in tbe stomach and do 
r»'/f /';}/!> rh/- itiU-^iiu'": tti^rv are not demcMistTable in 
n»/ ^//^ of fli''<^' animal**. Intra-va^mlar injections 
/»! |ftir/ Miltiin- int/i nililiiu a r^; followed by a temporarv 
fllii'.*.?, Troni A'liM'li tli^ anirnal** iir*iially recover in from 
Iao fo t}»M«- flavH; iiitni-|K;ritoneal injections into 
wliit' niif «' iirf'f an a riilf, followxHl by death in from 
(wMilv Imim Io forty ci^lit Ikmips; the conditions in 
both iM>'-tiitM'f'»i tiioHt prohably ro^iilting from the toxic 
iK'tivitii'K III' thr |MiihuMioiiK iircHJiictH of growth of the 
otvniiiuMi thdt 11 If prfM'iH in the <Miltiirc employed. 
NiiiM' 111' thi« hiwrr aniiniils liuve (*v(t Ihhmi known to 
niiirrr iViiin i'hiih*ni Mpuiitiiiu*oii.sly. 

Thi* r\|»rriiiiriHH ut* Nicnii and Hioisch, in which the 
miHMnnn hih* ilni*t wiih ligtittHl, and finid cultures of 



EXPERIMENTS WITH CHOLERA SPIRILLUM. 325 

tlie organism were injected directly through the walls 
of the duodenum, demonstrated the fact that the acid 
reaction of the gastric juice destroyed the cholera 
organisms and prevente<l their access to the small in- 
testine wlien they had been administered by the mouth ; 
at the same time it was seen that the interference with 
the flow of bile diminished intestinal peristalsis, and 
permitted the organisms to remain for a longer time 
where they had been deposited. By this method 
Nicati and Rietsch,* Van Ermengen,* Koch,' and others 
were enabled to produce in the animals uiK)n which they 
oiK?rat(Kl a condition that was, if not identical, at all 
events very similar patliologi(*ally to that seen in the 
intestine of subjects dead of the disease. 

At a subsef|uent couferenci* held in Ik^rlin in 1885, 
Koch* descril)ed the following method by means of which 
he had been able to obtain a relatively high degree of 
<*onstan(»y in all his efforts to produce cholera in lower 
animals : lk»aring in min<l the point made by Nicati and 
Ricts(!h as to the eifect produced by the acid reaction of 
th(^ gastric juice, this reaction was first to l)e neutralized 
by injecting, through a soft catheter passtnl down the 
(esophagus into the stomach, 5 c.c. of a 5 jkt cent, 
solution of sodium mrbonate. Ten or fifteen minutes 
later this was to be followed by the injcvticm into the 
stomach (also through a soft <^ithetlier) of 10 c.c. of a 
lK)uillon culture of the cholera spirillum. For the 
purpose of arresting i)eristal8is and permitting the 
organisms to remain in the stomach and upjwr part of the 



' Archlv do Phys. norm, et path.. 1885, xvil., 3e ser., t. vl. ('omi>t.-rcml., 
xcix. p. 92S. Rev. de Hygiene. 1885. Rev. do Med., 1885. v. 

« " Recherchcfl sur le Microbe du ChoK-ra Aslatlq\ie." Paila-Bnixellefl, 1885. 
Bull, de I'Aead roy. de M^d. dc Belglque, 3o s^r.. xviii. 

» Loc. cit. * lx)C. cit., 1885. 
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duodenum for as long a time as possible^ the animal was 
to receive^ immediately following the injection of the 
culture^ an intrarperitoneal injection^ by means of a 
hypodermatic syringe, of 1 c.c, of tincture of opium 
for each 200 grammes of its body weight. Shortly 
after this last injection a deep narcosis sets in and lasts 
from a half to one hour, after which the animal is 
again as lively as ever. Of 36 guinea-pigs inoculated 
in this way by Koch, 30 died of a condition that was, 
in general, very similar to that seen in Asiatic cholera. 

The condition of these animals before death is de- 
scrilxnl as follows : Twenty-four hours after the opera- 
tion the animal ap()ears sick ; there is a loss of appetite, 
and the animal remains quiet in its cage. On the 
following day a jmralytic condition of tlie hind extre- 
mities appears, whicli, as the day goes on, l)eot>mes more 
pronouuciHl ; the animal Wos quite flat ui)on its al>- 
donien or on its side, with its legs cxten<led ; respiration 
is weak and prolonji^etl, and the pulsations of the heart 
are hardly iK^rwptible ; the head and extremities are 
(X)Id,aud the lK)dy teni{>erature is frHjuently subnormal. 

The animal usually dies after remaining in this 
condition for a f(»w hours. 

At autopsy the small intestine is found to Ix^ deeply 
inj(H»t(Hl and fillcHl with a flo<M'ulent, colorl(*ss fluid. 
The stoinjwh aud intostinis do not t^ontain solid masses, 
but flui<l ; when diarrhcea does not (K'cur, firm scylwila 
may bo ex[XM»te<l in the roc^tum. I^)th by microscopic 
examination and by culture^ methods, conmia bacilli are 
found to bo present in tli(» small intestine in praeticrally 
pure <'ultnro. 

More nH'ontlv Pfoirtbr' has(lotormin(Hl that essentially 

^ ZoitKchrlfl fllr nygiene. Ikl.. xi. and xiv. 
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similar constitutional effects maybe produced in guinea- 
pigs by the intra-peritoneal injection of relatively large 
numbers of tliis organism. His plan is to scrape 
from the surface of a fresh culture on agar-agar as 
much of the growth as can be held upon a moderate 
sized wire loop. This is then finely divided in 1 c.c. 
of bouillon and, by means of a hypodermatic syringe, 
is injected directly into the peritoneal cavity. When 
virulent cultures have been used this is quickly followed 
by a fall in the temperature of the animal ; this is 
gradual and continuous until death ensues, which is 
usually in from eighteen to twenty-four hours after the 
operation, though exceptionally cases do occur in which 
the animal recovers, even after having exhibited marked 
symptoms of most profound toxsemia. 

General considerationa. In all cases of Asiatic cholera, 
and only in this disease, the organism just described can 
be detected in tlie intestinal evacuations. The more 
acute the case and the more promptly the examination 
is made after the evacuations have been passed from the 
patient, the less will be the diflBculty experienced in 
detecting the organism. 

In some cases it can be detected in the vomited 
matters, though by no means so constantly as in the 
intestinal contents. 

As a rule, bac^teriological examination fails to reveal 
the presence of the organisms in the blood and internal 
organs in this disease, though Nicati and Kictsch claim 
to have obtained tliem from the common bile-duct in 
rapidly fatal cases, and in two out of five cases they 
were present in the gall-bladder. Doyen and Rasst- 
schewsky* found them in the liver in pure cultures, 

1 Referenoe to Vntch, 1885. in Allg. Med. Central. Zeitung, Berlin. 
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and Tizzoni and Cattani ^ in both the blood and the 

gall-bladder. 

The cholera spirillum is a fiuniltative parasite ; that 
is to say; it apjiarently finds in certain portions of the 
world, {mrticularly in those countries in which Asiatic 
cholera is endemic, conditions that are not entirely un- 
favorable to its development outside of the body. This 
has been found to be the &ct not only by Kodi, who 
detected the presence of the organism in the water-tanks 
in India, but by many other observers who have suc- 
cecdcil in demonstrating its growth under conditions not 
embraced in the ordinary methods that are employed 
for the cultivation of bacteria. 

The results of ex|)erinients having for their object 
the deUTminatiou of the length of time during which 
this organism may retain its vitality in water are con- 
spicuous for their irregularity. In the transactions ot 
the (H^ngrcss in Berlin, for tlie discussion of the cholera 
(|Uostiou, it is stated, in connection with this point, 
that the cxiKjriments made with tank-water in India 
somotiinos resulted in demoustniting the multiplication 
of the organisms iutroduct^l into it, while in other cases 
tliev died vcrv (luicklv. 

On February 8, 1884, comma biicilli were found in 
tlio tank at Saheb-lkgjui, in Calcutta, and it was pos- 
sible i^^ demonstrate them in a living condition up to 
Febriiarv 23d. 

Kocli states that in onlinary spring- water or well- 
water the orgiiuisms retaineil their vitality for thirty 
days, whereas in the canal-water (s<nvage) of Berlin they 
died ai\er six or seven days ; but if this latter were mixed 
with fecal matters, the organisms retained their vitality 

1 CentnlUAtt f . die med. WissenaohaAen, 1886, No. 43. 
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for but twenty-seven hours ; and in the undiluted eon- 
tents of cesspools it is impossible to demonstrate them 
after twelve hours. In the experiments of Nicati and 
Rietsch they retained their vitality in sterilized distilled 
water for twenty days ; in Marseilles canal-water (sew- 
age), for thirty-eight days; in sea-water, sixty-four 
days ; in harbor-water, eighty-one days, and in bilge- 
water, thirty-two days. 

In the experiments of Hochstetter, on the other 
hand, they died in distilled water in less than twenty- 
four hours in five of seven experiments ; in one of the 
two remaining experiments they were alive after a day, 
and in the other afl>er seven days. 

In one experiment with the domestic water supply oi 
Berlin the organism retained its vitality for 267 days ; 
in another for 382 days, notwithstanding the fact that 
many otlier organisms were present at the same time. 
There is no single ground upon which these variations 
can be explained, for they deixjnd apimrcntly u|K)n a 
numl)er of factors whic^h may act singly or together. 
For example, in general it may Ixj said that the higher 
tlie tennKirature of the water in which these organisms 
are prcsciut, up to 20° C, tlie longer do they retain their 
vitality ; the purer the water, tliat is, the iK)orer in 
organic^ matters, tlie more quickly do the organisms die, 
wherciis the richer it is in organic matter the longer do 
they retain tlieir vitality. 

Still another point that must l>e considered in this 
conne(.*tion is the antagonistic influences under which 
they find themselves when placed in water con- 
taining large numbers of orgjinisins that art*, so to 
sjHiak, at home in water — the so-called normal water 
Invcteria. 



880 



BACTERIOLOQr. 



The effect of light upon growing bacteria must nol 
be lust giglit of, for it lias bL-cu shonu tliat a niirjiris-fl 
ingly large nuralK-r of these oi^nisms arc robbed o^ 
their vitality by a relatively short exposiin? to the ra 
of the suii, and it is, therefore, not iiulikely that t 
noa-obBcrvancG of this foot may be, in jtart at least, 1 
acuountable for some of the (liserepanciett that apjtear iu , 
the resiilta of these experiments. 

In his Btiidies upon the behavior of pnthogenie aiid 
other micro-organisms in the soil, Carl Fraenkel' found 
that the cholera spirillum was not markedly siisoeptible J 
tu those deleterious influences that cause the death of J 
a number of other pathogenic organisms. During the 1 
months of August, Se|)tember, and October, ciiltiins 1 
of the cx>niina bacillus that had been buried in tlic | 
ground at a depth of ttirei- metres retained their J 
vilnlity ; on the other hand, in other months, partiuii- 
larly from April to July, they last their vitality wheu 
buried to the depth of only two metres. At a depth i 
of one and a half metres vitality was not destroyed, 
and 'there was a ivj^ular develupmeut in cultures so 
placed. 

Asa result of experiments performed in the Imperial 
Heallli Bureau, at Berlin, it was found that the bodies 
of guinea-pigs that had died of cholent induced by 
Koch's metli<3d of inoenlatton contained no living 
cholera spirilla when exhumed after having Iwen buried 
for nineteen days in wooden bt)xes, or for twelve dara 
in Kine boxes. In a few tliat had been buried iu moist \ 
mrth, without having lieen encased in boxes, when ex- 
himicfl after two or three months, the results of exami- 
nations for cholera spirilla were likewise negative. 

. Bygleue. Bd. II. p. sa. 
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Kitasato/ in his ox|>eriment8 with the cholera organ- 
ism, found that when mixed with the intestinal evacua- 
tions of human beings under ordinary conditions they 
lost their vitality in from a day and a half to three 
days. If the evacuations were sterilizeil before the 
cultures were mixed with them, the organisms retained 
their vitality up to from twenty to twenty-five days. 
He was unable to come to any definite conclusion as 
to the cause of these phenomena. 

It was demonstrated by Hesse' and by Celli* that 
many substances commonly employed as food-stuifs 
offer a favorable nidus upon which the cholera organism 
may develop. In his experiments upon its behavior in 
milk, Kitasato* found that at a temj)erature of 36° C 
the cholera spirillum develoj>ed very rapidly during the 
first three or four liours, and outnuml)ered the other 
organisms commonly found in milk. Thev thendimin- 
islied in numl)er from hour to hour as the acidity of 
the milk increased, until finally their vitality was lost; 
at the same time the common saprophytic bacteria 
incrwised in numl)er. lielatively the same pnwess 
ocxrurs at a lower temjHjniture, from 22° to 25° C, but 
the prowss is slower, the maximum development of the 
cholera organism Ixjing reached at al)out the fifteenth 
hour, after which time they were overgrown by the 
ordinary sapn)phytes presc»nt. 

From this it would sc»em that the vitality of the 
cholera spirillum in milk de{)ends largely upon the 
n»action : the more quickly the milk iKK-omcs sour, 
the more (piickly does the orgjuiism lKMH)me inert, 

» Zeltachiift fUr Hygiene, Bd. v. p. 487. « Ibl<l., Wi. v. p. .V-7. 

> Bolletino delta R. Accad. Mud. di Romn, ISSK. 
4 Zeilacbria f. Uygiene, M. v. p. 491. 
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while the longer the milk retains its neutral or only 
very Hlightly acid reaction, the longer do the cholera 
organisms that may be present in it retain their power 
of multiplication. 

Ac(^ording to leaser/ the cholera organism retains its 
vitality in butter for about seven days ; it is therefore 
])osHibIe for the disease to be contracted by the use of 
butter that has in any way been in contact ¥rith cholera 
materml. 

In rt^rd to the antagonism between the cholera 
Hpirillum and other organisms with which it may come 
in conta<^t, the experiments of Kitasato* led him to 
conclude that no organism has been found which, 
when growing in the same culture medium with it, 
|M>srt(»8Si»il th(> jx)W(T of depriving it of its vitality 
within a short tivic. On the other hand, the experi- 
nu^its showed thut tliere were quite a number of other 
organisiUH tlic development of which was checked, and 
in sonu^ (»ases their vitality wjis completely destroyed, 
when growing in the siune medium with the cholera 
Bpirilhim. 

From til is it would ap|H^ar that the disappearance 
of tlu' choleni spirillum from mixcnl cultures and from 
(lui evaiMiatious in so short a time iis has been men- 
tiontHJ, is due more to unfavorable nutritive condi- 
tions than to the direet aetiou of the other organisms 
present. 

When e4»mj)letely dried, aeeonling to Koch's exjx^ri- 
ment^s, the clioleru spirillum does not retain its vitalitv 
for longer than twenty-four hours, but by others its 
vitality is siiid to be destroyeil by an absolute drying of 

> Zcitschrlft ftir Hygiene, IM. x. p. M3. = Ibid., Bd. vl. p. 1. 
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three hours. In the moist condition, as in artificial 
cultures, vitality may ha retained for many months, 
though repeated observations lead us to believe that, 
under these circumstances, the virulence is dimin- 
ished. According to Kitasato,* they retain their vitality 
when smeared upon thin glass cover-slips and kept in 
the moist chamber for from 854o 100 days, and for as 
long as 200 days when deposited upon bits of silk 
thread. 

In the course of his studies ujwn the destiny of 
pathogenic micro-organisms in the dead body. Von 
KsmarcJi* found that, when the cadaver of a guinea- 
pig dead from the introduction of cholem organisms 
into the stomach, was immersed in water and de<»om- 
))osition allowed to set in, after eleven days, when de- 
composition was far advanced, it was impossible to find 
any living cholera spirilla by the ordinary plate 
methods. 

A similar experiment resulted in their disapi>ea ranee 
after five days. In another experiment, in which de- 
comjKJsition was allowed to go on without the animal 
being inmiersed in water, none could Ix) detected after 
the fifth day. 

Carl Fraenkel' luis sliown that an atmosphere of 
carbonic acid is dire<*tly inhibitory to the development 
of the cholera spirillum, and Percy Frankhind* states 
that in an atmosphere of this gas it dies in about 
eight days. In an atmosphere of carbon monoxide its 
vitality is lost in nine days, and in general tf 
may be said for it when under the influen 
atmosphere of nitrous oxide gas. 

1 Zeitschrift fUr Hygiene, Bd. y. p. 184. 
3 Ibid., Bd. V. p. 832. 

16* 
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From what has been said we see that the spirillum 
of Asiatic cholera, while possessing the power of pro- 
ducing in human beings one of the most rapidly &tal 
forms of disease with which we are acquainted, is still 
one of the least resbtant of the pathogenic organisms 
known to us. Under conditions most fi^vorable to its 
growth its development' is self-limited; it is oonspieu- 
ously susi'cptiblc to acids, alkalies, other chemical disin- 
fci*tauts, and heat ; but when partly dried upon clothing, 
fo(Kl, or other objects, it may retain its vitality for a rela- 
tively long jH^riod of time, and it is more than probable 
that it is in this >vay that the disease is often carried 
fn>m {>oints in which it is epidemic or endemic into 
localities tluit arc free from the disease. 

THK DIA(JN()tSIS OF ASIATIC CHOLERA BY BACTERIO- 

UKllCAL METHODS. 

BiH^usi* of the manifold channels that are open for 
tlie (Hssc^mination of this disease it is of the utmost 
iniportanec that its true nature should be recognized as 
(juickly as jwssible, for with every moment of delay in 
its recognition opportunities for its spread are multi- 
plying. It is essential, therefore, when employing bac- 
tcriologirdl means in making the diagnosis, to bear in 
mind those biologiral and morpliological feMuresof the 
orgjinisin that ap^war most quickly under artificial 
methods of cultivation, and which, at the same, time 
may Ik' considered jus (Jiaracteristic of it, viz., its peculiar 
morphology and grouping ; the much greater rapidity 
of its trrowth over that of other bacteria with which it 
may be associated ; the characteristic appearance of its 
tx)lonies on gi»latin-plates and of its growth in stab 
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ouItiirGs ill ^atin ; its pm|)erty of prudui^iug intlol antl 
wtincidunUy nitrik-s in from six to eight limire in pt-j)- 
tpue solution at 37° to 38° C. ; ami its power of 
causing the deatli of giiinea-[)igs tn fnitn eixtccn to 
twenty-four hours when introdu«sl Into the jwritonial 
i-avity, death being prcetKled by symptoms of extreme 
toxiemia, cliamcterisied by prostrption and gradual and 
continuous fall in t*?mperature of the animal's body. 

In a publication recently made by Koch* he called 
attention to a plan of procedure that is employed in 
this work iu the Institute for Infectious Diseases at 
Berlin. Id this scheme the points that have been 
enumerated arc taken into account, and by its employ 
inent the diagnosis can be established iu the majority 
of cases of Astatic cholera in from eighteen to twenty- 
two hours. In general the steps to Iw taken and jwints 
to be borne in mind are as follows. The material 
should Im; examined a» early aa poambU, after it has 
bei'ii pasae<l. 

I. Miiyfosoopic examination. Fnuu one of tlie small 
slimy [lartieles that will Ix- sei'n in tiu- ricmi-fluid evac- 
untjuiis pre|Mtrc a cover-slip preparation in the oniinary 
way unci stain it. If, upon micros(.^opic examination, 
only curved rods, or curved rods greatly in excess of 
all other forms, are present, the diagnosis of Asiatic 
cholera is moiv than likely correct; and [«trticuhirly is 
tliia true if these oi^anisms are arranged in irregular 
linear grou[>s with the long axes of all the roda point- 
ing in nearly the same dirwitii 
what as minnows armn^ I 
in schoula up strcnun. 

In 1881! WeisHcrft 
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upon the value of microscopic examination in theee 
(^ascs in tlie following terms : 

(a) In the majority of cases microscopic examination 
is 8ufli(^icnt for the detection of the presence of the 
comma bacilhis in the intestinal evacuations of cholera 
|)atients. 

(6) Even in the most acute cases, running a very 
rapid (x>urse, the comma bacillus can always be found 
in the evacuations. 

(c) In general, the number of cholera spirilla present 
is greater the earlier death occurs; when death is 
l)osti)oned, and tlie disease continues for a longer 
l)eri(Kly their numl)er is diminished. 

{d) Should the [>atient not die of cholera, but from 
Home other disesisc, such as typhoid fever, that may be 
engnifl^Hl upon it, the (X)mma bsunlli may disappear 
entirely fnnu the intestines. 

11. With another slimy flake prejmre a set of gelatin 
phites. PhK'c them at a temjxirature of from 20° to 
22° ( '.,an<l at sixttHjn, tweuty-two, and thirty-six hours 
observe the apjwaranc^e of the colonies. Usually at 
al>out twenty-two hours the colonies of this organism 
(^an ciisily Iw i(lontiti<'<l by one familiar with them. 

II r. With another slim v flake stiirt a culture in a tul)e 
of poptonti solution — either the solution of Dunham 
or, as Koch pro}>oses, a solution of double the strength 
of that of Dunham (Witte's }>eptone is to be used, 
as it j^ives the best and most constant results). Place 
this at .*i7° to ;58° C, and at the end of from six to 
eight hours pn'parc iH)vcr-slips fn)m the upper layer% 
(without shaking) and examine them microscopically. 
If comma bacilli are prosi»nt and capable of multipli- 
coition they will be found in this locality in almost 
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pure culture. After doing this prejmre a second 
peptone culture from the upper layefrSy also a set of 
gelatin plates, and with what remains make the test 
for indol by the addition of ten drops of concentrated 
sulphuric acid for each ten cubic centimetres of fluid 
contained in the tube. If comma bacilli are growing 
in the tube the rose color characteristic of the presence 
of indol should appear. 

By following this plan "a bacteriologist who is 
familiar with the morphological and biological pecu- 
liarities of this organism should make a more than 
probable diagnosis at once by microscopic examination 
alone, and a positive diagnosis in from twenty to, at the 
most, twenty-four hours after beginning the examina- 
tion." (Koch.) 

There are certain doubtful cases in which the organ- 
isms are present in the intestinal canal in very small 
numbers, and microscopic examination is not, therefore, 
of so much assistance. In these cases plates of agar- 
agar, of gelatin, and cultures in the peptone solution 
should l)e made. 

The plates of agar-agar should not be prepared in 
the usual way, but the agar-agar should be j)oured 
into Petri dishes and allowed to solidify, after 
which one of the slimy particles may be smeared 
over its surface. The comma bacillus, being mark- 
eilly aerobic, develops very much more readily when 
its colonies are lociited upon the surface than when 
they are in the depths of the medium. A point 
to which Koch cidls attention, in connection with this 
step in the manipulation, is the necessity "^ * ^)ie 

surface of the agar-agar free from tb 
squeezed from it when it solidifies, a> 
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till- water interfenw wiliitliotlovt'lopmentof tlteoi 
BS ieolaU^ pointe and caiiM'^ them to ixH^omc (x>nfliiQab^ 
To obviate tliis )iL> Rxouimimils tliat t)ie ngar-ogar bflll 
jK»ir»I into the pliitcs and thu wiit«r allowed to sejia 
from the 8iirfa<?o at the tomijcraturc of the incubator] 
Iwfore thev axv used. It ia wine, thert-fnre, when i 
is liable to l>c adled on for siicli work a» tills to keep J 
Qiiml>erof 8t<rriIiK(Hl plafe* of Hf^ar-a^r in theim-nlw 
rfady for use, just as sttTilizwl tvhfg of nietlia i 
always rc«dy and at hand. Tht; advantage of ii8tii||f 
the agar platos m the higher temperutnre at which tlie^l 
can be kept, and oousoqnpiitly a moro favorable condi-s~ 
tion for till! development of the eolonies. As Boon i 
iaolatixi eulonies ap|iear tliey should \k examined mt«l 
orosi-opically for tlie prtsenec of oi^nisms having thi 
morphology of the one for whieh we are seeking, and] 
as soon as sneh is detected gelatin plates and oultnrc 
in ]>eptone solution (for the indol reaction) slKuild iw 
made. The peptone ciiltnres started from the orip^inal 
material should be examined mieroseopically from hour 
to hour after the sixth hour that tliey have been in the 
inculmtor. The material taken for examination should 
always come from near ike mtrfaet of the fluid, aud 
(!are should be taken not to shake the Ui\>c. As socnt . 
as comma bacilli are detected in anything like eonsid*-] 
erahle numbers in the npiwr layers of the flnid i^rar- 
iigar plates and fresh peptone eultiires should !« made 
from them. The colonies will develop on the agnr-ii^r 
plates at 37" C in from ten te twelve hours to a size 
gufUeient for recognition by microscopic examinatu 
and from this examination an opinion can iisnally II 
given. This opinion should always Iw controlled I 
cultures in the peptone solution made front eoob ( 



DIAGNOSIS OF ASIATIC CHOLERA. 339 

several single colonies, and finally the test for the pres- 
ence or absence of indol in these cultures. 

In all doubtful cases in which only a few curved 
bacilli are present, or in which irregularities in either 
the rate or motle of their development occurs, pure cul- 
tures should be obtained by the agar-plate method and 
the method of cultivation in peptone solution, as soon 
as possible, and their virulence tested upon animals. 
For this purpose cultures upon agar-agar from single 
colonies must be made. From the surface of one of such 
cultures a good sized wire-loopful should be scraped 
and this broken up in about one cubic centimetre of 
bouillon, and the suspension thus made injecjted by 
means of a hypodermatic syringe directly into the peri- 
toneal cavity of a guinea-pig of about 350 to 400 
grammes weight. For larger animals more material 
should Ix) used. If the material injected is from a 
fresh culture of the cholera organism toxic symptoms 
at once begin to appear; these have their most pro- 
nounced expression in the lowering of temperature, 
and if one follows this de<'line in tempeniture from time 
to time with the thermometer it will be seen to 1k» gradual 
and continuous from the time of injection to the death 
of the animal (Pfeiffer'), which occurs in from eighteen 
to twenty-four hours after the operation. 

In general, this is the proc^ure employeil in the 
Institute for Infectious Diseases, at Berlin, under 
Koch's direction. 

1 Loc. cit. 



CHAPTER XXIII. 

Organlioiii of interest historically and otherwise, that hare been conftmnded 
with the spirillum of Asiatic cholera— Their pecnliariUes and diflbrentlal 
features— The vQurio protau. or bacillus of Finkler and Prior— The tpMUmm 
tyrogaium, or cheese spiriUum of Deneke— The spirillum of lUUer— The viMo 
MctBt^tnikovi. 

VIBRIO PROTEUS (PINKLER-PRIOB BACIIjLUB). 

Finkler and Prior were the first to contest experi- 
mentally the significance of the presence of Koch's 
comma bacillus in iVsiatic cholera, claiming to have 
found it in the dejections of individuals suffering from 
other maladies, particularly cholera nostras. The 
morphologiail and l)iologi(5il differences between the 
organism that Finkler and Prior had discovered and 
those of the comma bacillus described by Koch are, 
however, so pronounced as to warrant the opinion 
that the confusion had arisen through imperfect and 
untrustworthy methods of experimentation. At a some- 
what later period Finkler and Prior retracted their 
claims of identity for the two organisms, and held that 
the bacterium with whicli they were dealing was pecu- 
liar to cholera nostras — an opinion which, in the light 
of subsequent work was also proved to be without 
foundation in fact. 

I'he characteristics of the spirillum of Finkler and 
Prior are as follows : 

Moui»iioL(KiV. — It is thicker and longer than the 
spirillum of Asiatic cholera; it is often thicl^er at the 
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middle than at the poles; it forniB, like the "comma 
luicillus," Bcrew-like, twisted threads (Fig. 64). 

It is supplied with a single fl&gelltim at one of its ends, 
and is, therefore, motile. 

It, like the comma bacillus, readily iindei^ocs degener- 
ative changes under conditions unfavorable to growth 
and prosentfi the variety of sliajwa grouped under the 
head "involution forms." According to Buchner this 
is especially the case when the medium in which they 
are growing contains glucose (5 per cent.) or glycerin 
(2 per cent.). 

Fia. 64. 

^' J / c 

YOtro pratmi, Pliikler 



Cultural Pfx;ui,iABiTiBH. — On gelatin plates the 
development of its colonies is far more rapid, and 
liipicfaction mucli more extensive, tlian in the case of 
the choU'ra spirillum. After twenty-two to twenty- 
(bnr hours in this medium at 20° to 22° C. the averse 
size of the colonies is about double that of the comma 
I>at:'i11us. The colonies are darker and denser and do 
not present under the low lens the same degree of 
granulation and subse^pient lobulation, and they do not 
become serrated or scalloi>ed around the mai^in as is 
the casewitli KiwIiV ut^MuiHiii. AIUt rwculy-lwo u- 
twcnty-four Ikiui-m tlicy :ire iisuiillv lu^arly roni 
tarly granular, umi more or Umo ttluiqily del 
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Flz. *>■>. '[-> At tinM^ ib^v tuav ^h^w imlefiDile mark- 
injjw or vrvaA's, :>>>niw)a( su^jwstive of lobulationi<. 
AAtrr t*>ny-^-u;til b>»ir? ••a i^taiiD lb«v usually range 
tnun <wt ti> threv milHni«nrs i:<i>iue e\ien largvr) in 
iliamtXt-r. and will a|>|V9r a:? '?haq>ly etii siiKTr-fiha|M.>d 
pii« "f li'juerai-tioD. in tht' iu<»4 depeiHk-Dt |iortiou of 
which lit!^ :t iK-D-4-. im<^lar ma^. ihr i»li>ny jirojier. 
I'nder low niaifnifviD-^ {lowtT iher present at this ^agc 
an a|>p<.-aRiiH« similar t<> thai ^i>wn in Fig. 60, It, thv 




>. Xttet tuny-elgbl 



iiiUnii ili-tis.' iiuL-is rt|in-M'ntiri;r tin- diioiiy and t\w irn-^- 
nl:ir n-'.-.l Miu- siirn>iir><lii,j: it iH'iiij; sl'miU lliat have 
l)i><-..riii- liini iiway as it sink iiilii tlic liiitiid i-aii.sc<l 
liy ils ;:rii«tli. Tile /otii' siirnniiKiin^ it, I'xteiidiiig t<i 
til.' iHri|.li<ry. is wnni-wliat rlomly.aiui is sini|ily li<ii»;- 
liiil ;:i-la(iii. Tiii-n- is ii inarktil tcnili'ticv lor tlic Ii<|iut- 
la<-li..ii I.. s|.r.ad lut.rally and for llir <'-oloiii.-s to run 
l..-..|ii,-r, SI. llial, I'vni .m |.latcs .-..ntaiiiinj: lew colo- ' 
iiiis, ill sixty lo sivinly-lwii lioiirs !it from '20° to 
:i:i^ ('., tlif riiliii' jri'latiii is nsoally ctinvcrtt'd into a 
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yellowish— white Htiid. Under these t'onditiona its 
growth is mtKJiapaniwl liy u niarkwl aromntic odor iin- 
jMtssible to describe; this is ew|Hfi!illy the Hist- when 
the Ht|uetaetioii is far advaiioed. 




'<. After liinjt-cighl houit. t. AlUr Mvv 
d. AHn DlDelj-kli boun. 



Jnnln/i cnUureK in p'lnlin ;it the nMini t<'Ui|M'fiil.iin' 
lii(ii('thi-tion ill iiotiiW iilxiiit thi' ii|>|mt ]wirt of tlii' 
iH'ctUt^tniek in tweuty-four hmirs. This coiidition 
f^nidiiiilly iii'Ti-iiM's atuIj|d^Agd of two or three ilays 
iitn^^^^Hk^Riias U^vome eon- 
I||^^^^^^^^HH0' lower 



844 BACTERIOLOGY. 

of tho canal the liquefaction progresses less rapidly but 
is still luuch more marked than that seen as a result of 
the growth of K(K*h's spirillum. Indeed, under these 
I'ircumstiinc'es there is no similarity whatever between 
the gn>wth of the two organisms (see a, 6, c, d, Fig. 66, 
and comiMire these with corresponding cuts in Fig. 63). 

It IS customary to see, scattered through the cloudy 
liqucficil gelatin, raggeil, more or less dense masses, frag- 
ments of the colony proper. 

On nutrient agar-agar there is notliing particularly 
characteristic alx>ut its growth, appearing only as a 
moist, grayish or yellowish-gray deposit. 

On |H>tat4> after forty-eight to seventy-two hours there 
ap|H»ars a )mlc yellowish-gray deposit; this is moist, 
glazi^il, and marked by lobulations, and is surrounde<l 
by an irroj^ular ix)lorlcss zone of growth that is much 
less moist than tliat forming the ccntrdl area. It grows 
\Kv\\ on j)(»tat() at the ordinary tcmi)crature of the room. 

It causes liquefaction of soliditicil blcKxl-serum and 
of coajrnlattHl cjrji: albumin. 

In milk to which ucutnil litmus tincture has lxH»n 
a<MiHl the blue color takes on a pink tingt* in from two 
to three davs at ;*.7° to ;^S° {\ 

It <loes not form iudol nor docs it (*ause fermentation 
of ^luciKse. 

In peptone solutit)n (routainiug rosolic acid the (?olor 
is somewhat (Iih'jh'UimI after four or five days at 37° (1 

K.\i»Ki:iMKN'i>^ riM)N Animai.s. — Hv ordinary mcth(Hls 
ol' iiKK'ulation this or^.iuism is without jmthogenic 
properties. lnj<'etions, sulM'utaneous and intm-yjiscular 
and dire(;tly into the stomach, give negative results. 
When iutnwbux'd into tlu» stoma<*h of guinra-pigs by 
the method employed by Koch in his cholera experi- 
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ments, Finkler and Prior had 3 out of 10 animals, and 
Koch 5 out of 15 animals so treated to die. 

The claim of Finkler and Prior that this organism 
was related etiologically to cholera nostras has been 
shown by subsequent work to have been unjustifiable. 

In 1885, 1886, and 1887 Franck* examined seven 
cases that clinically presented the condition of cholera 
nostras ; in none of these seven cases was the organism 
of Finkler and Prior, which they claimed to be the 
cause of the disease, found. In all cases the results 
of bacteriological examination, in so far as the constant 
presence of an organism that might stand in causal 
relation to the disease was concerned, were negative. 
Only the ordinary intestinal bacteria were found. 

spirillum tvroqenum (ciieese spirillum of 

deneke). 



Fig. 67. 






Deneke's cheese spirillum, spirillum tyroffenum. Prom agar culture twenty- 
four hours old. 

Another spiral form, likewise forming short, comina- 
sha{)ed segments in the course of its growth (Fig. 67), 
is that found by Deneke in old cheese. In morphology 
this organism is a little smaller than Koch's spirillum. 

1 Zeitschrift f. Hygiene, Bd. iv, p. 207. 
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It is motile and has but a single flagellum attached to 
one of its ends. It liquefies gelatin more rapidly than 
does Koch's organism. It possesses no characteristic 
grouping, as can be seen in impression cover-slips of its 
colonics. It does not form spores. On gelatin plates 
its colonics develop very rapidly as saucerH3ha|)ed 
depressions ; after twenty-four hours they vary from 
1 to 4 mm. in transverse diameter. To the naked 
eye they are almost transparent and arc usually marked 
by a denser centre and peripheral zone, the space 
between lx?ing quite clear. They are not r^ilarly 
round in all cases. A j)eculiar aromatic odor accom- 
j>anics their growth on gelatin. Under a low magnify- 
ing j)owcr the smallest colonies are irregularly round 
in outline, tlieir l)ordors being often rough and broken, 
and the bcnlv of the (h>1ouv is fre(iuentlv marked bv 
creases or ridges that give to it a lobulattnl appear an(*e 
Tlie largor colonies under the same lens ap])ear as 



Fig. 6S. 




(\>lony of ^lirillum tyrogrnnm on f^olatin, twenty-four hours old. 



gnimilar j)at<'li<'s, a litth' denser at the }>eriphery and 
centre than at the int<Tnie<liate imrtions. The jKiriphery 
gnulnally i*a(l(»s away and no distinct circumference 
can 1k» made out. (See Fig. G8.) The colonies of an 
intermediate siz<' in wliieli li(|uefa<*tion is just beginning 
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to Ik- ap]iareiit, »liow a dpnso granular oeiitro, the «>l- 
ony itself, and altout it a dclimtc, granular develoj>- 
mental zone. 

In tttab cultures in gelatin liqucfiiotimi i^ nipid, 
raneing at the end of twenty -four lionrw a ciiiv-sliajKii 




(leprfAHion at thn U'y of tlic ni.tdle-tnwk, the Bii(terlieial 
an^i of wliii'li JM aliiiiit half tlmt nf llif gelatin in the 
tnix'. (Kig. (ill, II.) Till' lii|ii['fviiig process H|ir(-iulK 
hitvrally fiial at th.- -rid <.C f..H v-'i^rhl h..iirs llie wIm.Ic 
iipjXT jKtrtion uf Uie gi-'laliii iii:iy liuw ln-ciiriie lii|iiid. 
(Fig. «9, h' •■.■t.lin.ie^ -.xUm^ th.- 
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tra<^k of the needle and after seventy-two and ninety- 
Rix hours the a}){>earanc(*s shown in Fig. 69, c and d, 
will l)e produeetl. 

There is nothing ]>articnlarly characteristic al>oiit its 
growth ui>on agar-agar. 

On ]M>tat4) there ap[>ear8 a moist, glazed, yellowish, 
and, at ])oints, brownish-yellow growUi that is sur- 
rounded hy a drier, colorless zone. It is not lobulated. 

In milk containing neutral litmus tincture a pink 
cM)lor ap]>ears afttT two to three days at 37® C; after 
four davs tlu* milk is almost de(X>Iorized and there is 
I)eginning t<» ap|>car coagulation of the casein with a 
layer of clear whey al)ove it. During the subsequent 
twenty-four hours there* is complete sejiaration of the 
<'oiit4Mits of tli(» tube into clot and whev. 

In Dnnliaiii's |M»pt<)ncsoluti(Ui it does not form indol 
and thr reaction for this Ixnly does not apjwar with 
eitiicr siilphnn<? acid alone or plus scKlium nitrite. 

It ciuiscs liquefaction of lM)th cojigulated blo<Hl-sernni 
an<l c«^tj!; albniuin. 

There is no pellicle fornuMl as a n»sult of its growth 
iu IxHiiiion. 

It does not produce fermentation ofglui^se. 

Iu rosolic aci<l-iM'pton(» solution its gn>wth causes 
tli(» V{h\ <'o]or to become deoj>en<Kl after four or five days 

!ll »>< \ . 

I)y Koch's method (»f iutrodncing culturt^s into the 
stomach of ^iiiuen-pijrs this orpinism pnKlu«Hl the 
death of three out of filYii'u auimals exjH»rimente<l 
upon — the deaths r(»sultin^, most probably, more from 
the toxic action of the produ<'ts of growth that wen» 
intrcMluHil with the orjr;niisms than to any |Mithogenic 
|H>wei*s j)osses8cH.l by the orgiiuism itself. 
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miller's spirillum. 

Another spirillum that has been likened to that of 
Koch is the one obtained by Miller from a carious 
tooth. It has so many characteristics in common with 
the organism of Finklcr and Prior that Miller was 
inclined to consider them identical. In morphology 
they are indistinguishable. (See Fig. 70.) It grows 

Flo. 70. 






Spirillum of Miller. From agar culture twenty-four hours old. 

rapidly, and, like the spirillum of Finkler and Prior, 
causes rapid liquefaction of gelatin with the coincident 
production of a j)eculiar aromatic odor. 

. The colonies on gelatin plates appear after twenty four 
hours as small, transparent pits of li([uefaction in the 
centre of which can be seen a minute white jK)int, the 
colony itself. Under a low lens the largest of these 
jjoints are uniformly granular and regularly round, 
and as a rule are surrounded by a periphenil zone that 
is a little darker than the central |>ortion of the colony. 
The circumference is delicately fringed by short, cilia- 
like prolongations of growth which are not as a rule 
straight, but are twisted in all directions and can only 
be detected upon very careful examination. (See a, Fig. 
71.) When located deep in the gelatin th(» colonies 

are round, sharply circumscribed, of a pale-yellowish or 

16 
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greenish-yclIow color, and marked by very delicate 
irregular lines or ridges. After forty-eight hours the 
plate (containing many colonies is entirely liquefied? 
while that containing only a few shows the presence of 
round, sharply cut, shallow pits of liquefaction that 
measure from two to ten mm. in diameter. They are 
a little denser at the centre than at the periphery, and 
the dense centre is not sharply cii^nimscribed but fades 
oif into what has the ap})earance of a delicate film. 
(See 6, Fig. 71.) As the colonies become older tliey 

Fio. 71. 





S 

<'olonics of Miller's spirilhim on gelatin, at 'iiP to ifi" C. X about flfty-seveii 

diainetcn*. 

a. Cohniy jnst beneath the RurfAcc of the gelatin, b. Colony on the eurfiice 

of the gelatin. 

aro somctiiiu's inarktHl by irrojicnlar radii extending 
from |)(Tiph(Tv to <*('iitr(» liko tho sj>okcs of a whwl. 

Ill still) cuUnrcs in gelatin it rjipidly prtKlucc^s liquo- 
fjiction, both at the snrfa<*c an<l along the noedle-tnick, 
and in most n'sprcts o;ives rise to a condition very like 
that n'snltiii«r iVoni thr growth of Kinkier and Prior's 
spirilhiiii, thou^rh ditrcring rn)in it in c^ertain details. 
(S<'(» </, h, r, </, Fig. 72.) 

On agar-ngar nothing of s|M»('ial inten^t apjHnirs as a 
result of its dcvclopnicnt. 

On potato its growth is wvy like that of the cholera 
spirillnni, viz., it a])|K'ai-s at o7° C\ as a dry, white 
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patch that lies quite flat u{K)n the surface ttnd i»n 
often only be seen when the tul>e is lield to the light 
in aspet^^ial way. 




Iti» growth in bouillon in tint ehariwkTistic. It dovs 
not form a pelliclp. 

It mii.-ic.'i li(jiic>farti<iii of Ixilh cou^ii luted bliHHl-wrutn 



and <• 



I alliii 



lldtK 



.k1u« 



iudnl. 



of gin, 



It does not eanne tt'rnn 

It is uon-nmtilv. 

In milk mutsiniiig bhie litinnH tinetiire it million 
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almost cx)mi>lete decolorization in from three to four 
days at 37° C, with coincident coagulation of the 
casein and the formation of a layer of clear whev 
above it. 

It causes the red color of rosolic-acid-i)eptone solu- 
tion to become somewhat intensified after four or five 
days at 37° C. 

Of twenty-one animals treated with this organism 
by Koch's method of inoculation only four died. 

VIBRIO MJrrdlNIKOVI. 

The spirillum that simulates very closely the comma 
bacillus of cholera in its morphological and cultural 
pcciiliaritios, but which is still easily distinguished from 
it, is tliat (loscriluHl l)v (lUiualeia under the name of 
vlhrio MdchnikovL It was found post-mortem in a 
number of fowls tliat had died in the poultry market 
of ()(l<*ssa, and the experiments of the discoverer de- 
monstnite that it is related etiologiciiUy to the gastro- 
ent(»ritis with which th(» chickens had been suffering. 

Fir.. 73. 



1 ^-^ ^ .- \J 



Vibrio Mrtchiiikon from ftgar culture, twenty-four hours old. 

In ni(»rphol(>^y it is seen as short, curved rods and 
as longer, spiral like tihunents. It is usually thicker 
tliau Koeh\s spirillum and is at times much longer, 
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while again it is seen to be shorter. It is usually 
more distinctly curved than the "comma bacillus/' 
(Fig. 73.) 

It is supplied with a single flagellum at one of its 
extremities and is, therefore, motile. 

It does not form spores. 

It is aerobic. 

Its growth upon gelatin plates is usually character- 
ized, according to Pfeiffer, by the appearance of two 
kinds of liquefying colonies, one strikingly like those 
of the Finkler-Prior organism, the other very similar 
to those produced by Koch's comma bacillus, though in 
both cases the liquefaction resulting from the gro>\i;h 
of this organism is more energetic than that common to 
the spirillum of Asiatic cholera. After from twenty- 
four to thirty hours the medium-sized colonies, when 
examined under a low power of the microscope, show a 
yellowish -brown, ragged central mass surrounded by a 
zone of liquefaction that is marked by a border of 
delicate radii. (Fig. 74.) 

Fio. 74. 




Colony of vibrio MetrJmikori In gelatin after thirty houre Ai '2tf to '239 C. 

X about 75 diameters. 

In gelatin stab (cultures the growth has much th<; same 
general appearand; as that of the choleni spirillum, but 
is verj* much exagj;erat4*d in d<*jrrci\ Thclirjiieiiu'tion r^ 
far more rapid and thf? chanu'toristir apjH'jirance of ^ 
growth is Ifjst in from thn-e to four days 
c, dy Fig. 75.) I>i»velopment and liqi 
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the liet^i^r [un:- ■>!* ih« cK«dI«-tTaL*k L» much more pro- 
ik>Hta>vd chaa U the t'Si^ with tbv ~ vomma bacillus." 



i 



^ 



I 




A. After ulnt'ijr-iii huun. 



hri i;iiiHlli "11 aipirajT'ir m- rapid, ami hIVt twfiitv- 
l<>iir !<■ I<irtv-i'i;;lil Inxirs tli('it'ti|ii)<-:iis ii ^rniyiKli (li'|>osit 
liiivitijr a liiiilciirv to taki- mi Ji ycilmvisli tone. 

On |Mitat(i at :t7° ('. its trniwtli is swii a« a moist, 
ii>lti'i--i'iil<)i-cil iKiti'li >iirnnirnli'<l l>v a inm-li i>aIiT zon«. 
Till' wliiili' jiriiwtli is sit snwolli ami frlistetiiiifr that it 
lias aliiii>!-t the upjM-iininci' of licirif: varnislMH]. 

In iMiiiilloii it i|tii<-kly <-aiis(.'s o|>n<'ity, witli the iiiti- 
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iiiiilc proiliK-tioii fif ii dclirati' iH-llidc ilium the 
Biirfaiv, 

It caiiisefi li({uet}R-ti(in of blood-Hen i in, tlii; liipicfieti 
area being covered bv a dense, wrinkled ))elliele. 

Wlien gruvni in jieptime solution it pnidiiws iodul 
und miiieidently nitril^-s, so tliat tlic nw-c^tilored n-ac- 
tion chanicteristic of iudol is obtniiie<l In- tlio iidditioD 
of sulphuric acid aloue. The prodm-tion nf iudol by 
this or^nism ia nsually grmter timii that eommun to 
tlie comma bacillus under the same cireumtitaneeH. 

In milk it caiist« an acid reaction with eoagidation 
of the ciwein. The eougidated lu-t-in collects at tile 
Irattom of the tiilje In irn'gular msisscs, above which is 
a layer of clear whey. If blue Htnuis has been added 
to the mitk the color is changed to piak by the end of 
twenty-four to thirty hoiii-s, and aflcr turty-eight hours 
decolorizatton and coagulation oivure. Tlie chiLs uf 
caaein ari' not re-<lis6olvitI. Atler alxiut a nii'k the 
aciditv of the railk is at if:^ iua.\!mnni, and the organ- 
isms quickly die. 

It causes the n-d color of mwilic-acid-jieptunc aoln- 
tion to Ix-come very much dei']HT after four or five days 
at ^.V!" C. 

It does not cause fiTnicntiition of gliu-osi' with pif)- 
duetion of gas. 

It is killed in five minutes by a temjHjrature of 60" 
i'. (Sternl)erg.) 

It is [Mithogenie for chickens, |iigeiin!4, an<l guinea- 
pigs. Kahblts und iriicc :ire aHti'tcd ouly hy very lai^> 
doses. 

Chickens afl'd-t^-d with tJie 
of which this organism i 
flitting qnictly alwttt 1 
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uiflictcil with diarrhoea, but do not £ave any elevation 
of tennK^rature. A hy})eneinia of the entire gastro- 
intestinal tract is seen at autopsy. The internal 
organs do not, as a rule, present anything abnormal to 
the naked eye. The intestinal c^nal contains yellowish 
fluid with which blood niav be mixed. In adult 
chickens the spirilla are not found in the blood, but in 
young ones they are usually present in small numbers. 
By subcutaneous inoculation pigeons succumb to the 
pathogenic activities of this organism in from eight to 
twelve hours. At autopsy pretty much the same con- 
dition is seen as was described for chickens, except that 
large numl)ers of the spirilla are usually present in 
the blood. Guinea-pigs usually die in from twenty 
to twentv-four hours after subcutaneous inoculation. 
At autopsy an extensive (tnlcnui of the sulxnitaneous 
tissues about the seat of the inoculation is seen, and 
tlicre is usual! v a necrotic condition of the tissues 
in the vicinity of the point of puncture. As the 
blood and interual organs ctmtiiin the vibrios in large 
numbers, the infe<'tion iu thes(^ animals takes, therefore, 
the form of acute general septicaemia. 

(Tastro-cutcritis may be produced iu both chickens 
and guinea-pigs by tmliug them with food in which 
cultures of this organism have been mixeil. 

XoTK. — More HM'cntly, particularly siiuv the late 
epidemic iu Hamburg, (juite a number of curvcnl or 
spinil organisms, somewhat like th<' cholera spirillum, 
have been discovered. For the descriptions of these* 
th<' read(M* is refern^d to the current bacteriologicjil 
lit<'rature. 



CHAPTER XXIV. 

Study of the bacillus anthraeU, and the efitets produced by its inoculation 
into animals— Peculiarities of the organism under varying conditions of sur- 
roundings. 

The discx)verv that the blood of animals suiferiiig 
from splenic fever, or anthrax, always contained minute 
rod-shaped lx)dies (PoUender, 1855; Davaine, 1863), 
led to a closer study of this disease, and has resulted 
probably, in (H>ntributing more to our knowledge of 
bacteriology in general than work upon any of the 
other infec*tious maladies. 

The outcome of these investigations is that a rod- 
shai)ed micro-organism, now known as the bacillus 
anthracisy is always present in the bloml of animals 
suflFering from this disease; that this organism ciui l>e 
obtiiiued from the tissues of these animals in pure 
cultures, and that these artificial cultures of the baciUus 
anthracis when introduwnl into the bcnly of su8(*ptil)le 
animals cjin again produce a condition identical to that 
found in the animal from which thev were obtaineil. 

The disease is a true septica?mia, and the cjipillaries 
throughout the body after death will always l)e found 
to contain the typiwil rod-shap(»d organism in larger or 
smaller numbers. 

This organism, when isolatcil in pure cultures, is 
seen to be a bacillus which varies considcral^lv in its 
length, ranging from short nxls of 2 to .*]/i in h*ngth i 
longer threads of 20 to 25^ in length. In brea^*^ 

IG* 
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from 1 to 1.25/*. Frequently very long threads made 
up of several rods, joined end to end, are seen. 

Wlien obtained directly from the body of an animal, it 
is usually in the form of short rods square at the ends. 
If highly magnified the ends are seen to be a trifle 
thiciker than the body of the cell and somewhat in- 
dented or concave, peculiarities that help to distinguish 
it from certain other organisms that are somewhat like 
it morpliologically. (See Fig. 76.) 



Fig. 76. 




Bacillus anthracu highly maguiliutl to show swellings and coacavltieti 

at extremities of the single cells. 

When cultivjiti'd artiHcially at the teni j)erature of the 
body, tlw ba<*ilhis of anthrax presents a series of very 
inten*stiii«^ stages. 

The short hkIs flcvclop into h>ng threjids, which may 
bo siH.Mi twistinl or phiited together atter the manner of 
ropes, each thread being marked l)y the jK)ints of junc- 
ture of* the short rcnls eoinposiug it. (Fig. 77, a and b.) 

In this <'ondition it remains until altenitions in its 
surroundings, thi^ niyst conspicuous Inung diminution in 
its nutritive supply, favor the production of 8iK)nv. 
When this stage begins, changes in the protoplasm 
of the bacilli niav be notice<l ; thev Inn'ome marke<l bv 
irregular, granular bodies, which eventually eoales<;e 
into glistening, oval spores, one of which lies in nearly 
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every a^ment of the long thread, and gives to the 
thread the appearance of a string of glistening beads. 
(Fig. 78.) In this stage they remain but a short time. 
The ehains of spores, whieh aro held together by the 
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remains of the cells in which they formetl, iMWonie 
broken up, and eventually nothing but fon; oval wiw)n'»*, 
and here and there the remaln.s of mature liaeilli 
which have undoi^ne degenerative changes can l>e 



Tbre«d> of baeiam an 

found. In this 
ing deleterious influciic«-H, rem: 
Foundings are alterc<l, have I 
this living, tliough inactivcr, < 
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time. If i^in placed under favorable cooditioDs 
each 6poro will germiuate into a mature txW, and the 
same aeries of clianges will be rejjeated until the favor- 
able Htirroundinjra become again gradually unfavorable 
to development, when H|H)re- formation is i^in seen, 
Hporc-formation takes place only at temperatures 
ranging from \%° to 4^° C, 37.5° C. being the most 
favorable temperature. Under 12° C. they are not 
formed. With this organiniin spore-formatton does not 
oceiir in the tissues of the living animal, its ii)<ual eon- 
(lition at this time being that of short rods. Occa- 
sionally, however, somewhat longer forms mar be seen. 

The iKieillns of anthrax \» not motile. 

(JitnwTH ON A(iAit-A(;AR. — The colouira of this Or- 
ganism, Jis seen u[>on aipir-agar, present a very typi^-al 
appeaninii', from wliicli tiny have In-en likened unto 
thi- lifiiil of Medusa, Vvtmi a wntral [Kjint whieh is 
mure or less denwe, consisting of a felt-like maas of long 
thnsids inatti^l irn^nlarly together, the gn)wth con- 
tinues iiutwani u[M)n the surface of the agar. (Fig. "!(.) 




It is ]ii:i'l<^ up of wiivy bundh'S in which the threads are 
si'cn In lii' pniiillcl side by sid<' m- are twisted in strands 
like those <)f a ii>]h^— sometimes they have a plaitetl 
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arrangement. (See Fig. 76.) These bundles twist about 
and cross in all directions, and eventually disappear at 
the periphery of the colony. At the extreme periphery 
of the colonies it is sometimes possible to trace single 
bundles of these threads for long distances across the 
surface of the agar-agar. The cx)lony itself is not cir- 
cumscribed in its appearance, but is more or less irregu- 
larly fringed or ragged, or scalloped. To the naked 
eye they look very much like minute pellicles of raw 
cotton that have l>een pressed into the surface of the 
agar-agar. 

As the colonies continue to grow, they l)ecome more 
and more dense, opa(jue, and granular and rough on 
the surface. When touched with a sterilized needle, 
one experieniH?s a sensation that suggests, somewhat, 
the matted structure of these cx)lonies. The bit that 
may thus l)e taken from a colony is always more or less 
ragged. 

(tELATIN. — The colonies on gelatin at the earliest 
stages also present the same wavy appearance ; but this 
characteristic soon becxjmes in part destroy chI by the 
liquefaction of the gelatin which is pro<luced by the 
growing organisms. This allows them to sink to the 
bottom of the fluid, where they lie as an irregular mass. 
Through the fluid portion of the gelatin may be seen 
small clumps of growing bacilli, which look very much 
like bits of cotton- wool. 

BouiLix)X. — In bouillon the growth is characterized 
by the formation of flaky masses, whicli also have very 
much the appearance of bits of raw cotton. M icroscopic 
examination of one of these flakes reveals the twistcHl 
and plaited arningement of the lon^ threads. 

Potato. — It develops rapidly iis a dull, dry, gran- 



362 BACTERIOLOOr. 

ular, whitish niast<, which is more or less limited to the 
|)oiiit of iDoculatioii. On |)otatOyat the tem|)erature of 
the iiieuUitor, its s|K)re-formation may easily be ob- 
sn»rv«l. 

Stah axi> Slant Ciltukks. — Stab and slant cul- 
turi's on ag:ir-ag:ir |>resent in general the appearances 
jriven for the I'olonies, exc*ept that the growth is much 
nion» extensive. The gn>wth is always more pro- 
nouni\Hl on the surface tlian down the track of the 
ntiHlle. 

On gehitin it iniuses liquefaction, wliich begins on the 
surfaiv at the |N)int iniHUiIateil, and spreads outward 
and downwaixl. 

It gnnvs lR»st with actvss to oxygt»n, and very |KX)rly 
\v\wn the su]>|>ly of oxyjjcen is interfcn»il witli. 

rndcr favoral)l(» conditinus of aeration, nutrition, 
an<l tcin|H'raturc its *cn>wth is nipid. 

rinlrr rj° ('. ami alnivc 4^)° (\ no jjjrowth occurs. 
T\u' tcinpciiitiirc of the ImkIv is most favonible to its 
dcvrlopiiicut. 

The s|>on's of tin* anthrax l)a(*illns arc^ very resistant 
to lieat, tlion«»:h the (Icj^rh.* of resistance is seen to vary 
with spores of ditlcreiit ori*rin. Esmarch found that 
anthrax spores fnnii some sources would readily 1k» kilh*d 
l>y an exposni*e of one minute to the tcnipcniture of 
steam, wlierras those from other sour(»i*s n'sisted this 
temperature for h)n;r(»r times, reaching in some cai^es 
as lon;x Jis twelve miiuitcs. 

Staimn<;. — The antlirax haeilli stain readilv with 
the ordinary aniline dyes. In tissnt^ their presi»nct* 
mav also Ik* demonstnit<'<l l)v tlu' onlinarv aniline stain- 
\u^ tlui<ls, or hv (f ram's nu*th<Kl. Tlicv mav also l)e 
stained in tissues with a strong watery solution of dahlia. 
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after which the tissue is decolorized in 2 jxir cent, soda 
solution, washed in water, deliydrated in alcohol, cleared 
up in xylol, and mounted in balsam. This leaves the 
bacilli stained, while the tissues are decolorized ; or the 
tissues may be stained a contrast color — eosin, for ex- 
ample — aft«r the dehydration in aU>ohol, and before the 
clearing up in xylol. In this c^ase they must be wjished 
out agsiin in alcohol before using the xylol. In the 
preparation treated in this way, the rod-shai)cd organ- 
isms will be of a purple c^lor, and will be seen in the 
capillaries of the tissues, while the tissues themselves 
will be of a pale rose color. 

Ix<Kn.TLATi(>N INTO Animai^^. — Introduce into the 
subcutaneous tissues of the abdominal wall of a guinea- 
pig or rabbit, a [)ortion of a pure culture of the bacillus 
authracis. In about forty-eight hours the animal will 
be found dead. Imnuxliately at the point of in(K3ulation 
but little or no redaction will be noticc»d, but Ix'vond 
this, extending for a long distance over the alniomen 
and thomx, the tissues will l)c markeilly ceilematous. 
IIert» and then*, sc^tteriKl through this (inleniatous 
tissue, small ecchymoses will be scrn. The underlying 
musc^les are pale in color. Inspection of the internal 
vis(^»ni reveals no very marke<l macroscopic changes 
except in the spleen. This is enlarged, dark in color, 
and soft. The liver may present the ap[K'aran(?e 
of cloudy swelling ; the lungs may be pale or palc-n»tl 
in color ; the heart is usually filled with blcMHl. There 
are no other changes to be seen by the nakc<l eye. 

Prepare cover-slip preparations from the bloo<l and 
other viscera. They will all be found to contain short 
rods in large numbers. Nowhere car dou 

be detected. \]\yo\\ microeo^' ' 
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oftlic oi^ns whicli bavo been hardvnc-d in aloobol, tB) 
cspillari(» are seen to be filled witb the barilli ; in fiom 
places elosely jsickecl together in tai^ numbers, i 
other points fewer in nnDil>er. I'sualh* thev are present^ 
in lai^est numbers in those tissnes having the greate 
(.■A|>illarv distribution iiud at those points at which t 
cireulatiou is slowtst. Tbev are nioderutelv evenly dia 
tributed through the fsplcen. The glomeruli of I 
kidneys and the (upillaries of the lungs are frequently 
quite parked with them. The eapillarieg of tlie livi 
eonlain them iu large niimlxTs. (Fig. 80.) HenuH 






rhi^es, proltablv due to rupture of i'a|iilljtries by 
mechanical pressure of the bacilli which are developin] 
within them, not uneommonly occur. When this oecurtiS 
in the mucous membram?s of the alimentary tract, t 
liItMid tnay esiaijK? through the mouth or anue ; when il 
the kidneys, through the uriniferoui^ tubules. 

Cultures from tliedifferent organs or from theicdet 
tons fluid about the point of inoeulntiou, ri'siilt in growtlll 
of the bacillus anthraas. 



B, ANTHRACIS: EXPERIMENTS. 865 

The amphibia, dogs, and the majority of birds are 
not susceptible to this disease. Rats are difficult to infect. 
Rabbits, guinea-pigs, white mi(«, gniy house-mice, sheep, 
and cattle are susc^eptible. Infection may occur either 
through the circulation, through the air-passages, through 
the alimentary tract, or, as we have just seen, through 
the sul)Cutaneous tissues. 

Experiments. 

Prepare three cultures of anthrax bacilli— one upon 
gelatin, one upon agar-agar, and one upon [K)tato. Allow 
the gelatin culture to remain at the ordinary temperature 
of the room, place the agar culture in the incubator, and 
the potato culture at a temperature not above 18° to 
20° C. Prepare cover-slips from each from day to day. 
What differences are observed ? 

Prepare two })otato cultures of the anthrax bacillus. 
Place one in the incubator and retain the other at a tem- 
perature of from 18° to 20° C. Examine them each 
day. Do they develop in the same way ? 

From a fresh culture of anthrax bacilli, in which 
spore-formati(m is not yet begun, prepare a hanging- 
dn)p prejMi ration ; also a cover-slip pn»paration in the 
usual way and stain it with a strong gentiaii-viol(?t solu- 
tion, and another cover-slip prejKiration which is to Iw 
drawn through the flame twelve to iift<*<jen times, sUiiued 
with aniline gentian-violet, washed off in iodine aolr 
tion and then in water. Examine these micro*'' 
Do they all pn»sent the same apiK'araooe^ 
the differences due ? 
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Do tlie anthrax threads, as seen in a fresh, growing, 
hanging drop, present the same morphological ap|)ear- 
ancc us when dried and stained npon a oover-slip? 
How do thev diifer? 

Li(|uefy a tiilK' of agar-agar, and when it is at the 
teniiKiniture of 40° to 43° C, add a very minute quan- 
tity of an unthnix culture which is far advanced in the 
sjK)iv stage. Mix it thoroughly with the liquid agar- 
agsir and from this pre])are several hanging drops under 
strict antis4'ptic pret^iutions, using the fluid agar-agar 
f(u* th(^ dn)ps instesid of bouillon or salt solution. Select 
fn)ni among these pre|Kirations that one in which the 
smallest number of s|K>res art^ presents Under the 
iuicrnsc<)|H' obs(TV(; the development of this s|)ort» int4>a 
lUMtnrc cell. Describe can.»fully the developmental 
stages. 

I'rcparca 1 : lOOO solution of csirl)olic acid in Ixniillon. 
Inoculate (his with virulent anthrax sjK)res. If no de- 
vclopin<>nt occults ailcr two or thi'ce days at the tenijx^ra- 
turc of the thermostat, prc|)an» a solution of 1 : 12CX), 
and contiiMK' until the |M)int is n'tU'hed at which th(> 
amount of carbolic acid j)rescnt jiist admits of the de- 
velopment of the s|»ores. When the pn)|>er dilution is 
rcaelied prepare a dozen of such tubes and imxrulateone 
of tlM'in with virulent anthrax S|M)rcs. As soon as dv- 
velopment is well advanc(Ml, transfer a hmpful fn)m this 
tube into a second of the carlH»li(! acid tul)es; when this 
has dcvelope<l, th<*n from this into a thinl, vU*, After 
five or six generations whic^h have l>een tn^ated in this 
way, study the s|»ore-pr<K:lucti(m of the organisms in 
that tulH>. If it is normab continue to inoculate from 
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oue carboli<; acid tube into anothiT, and see if it is 
possible by tins nifiaiis to influeii<-e in any way the 
prudiictioti of spores by tlie orj^nisiii with whi<^h you 
are working. Wliat is the effect, if any ? 

Pre|)are two boiiilloD eiiitiires, esieli troni one drop of 
blood of an animal dciid of anthrax. Allow one of them 
to t;row for from fourteen to eighteen \nnirn in the ineu- 
l»ator ; allow the other t4» grow at the same tenijxTdture 
for three or four days. Iloinovi' the 6rst after the time 
mentioned and subject it to a teniixirature of HO" C. for 
thirty minutes. At tlie enit of this time iirejwirc four 
plates from it. Make oacli platt; with one droji from 
the heated l>ouillon eulturc. At the end of three or four 
days treat the second tul>e in identicadly the same way. 
How do the uiiml>er of colonies wliieh develo|)cd from 
the two different cnlUmw eonijun^? Wns there any 
difference in the time retpiirod for their development on 
the |>hit«s ? 

From a |K)tiito culture of anthnix bacilli which has 
l)ecn in the incubat<)r for three or fimr days, scrape 
away the growth and earefnlly break it up in 10 o.e. of 
stcrili/AHl normal salt solution. The more cnrefully it 
is bD)ken up the nion^ iwwurate will Iw the ex])criment. 
I'lace this in a iMith of lM>iling water and at the end of 
one, three, five, seven, and ten minutes make a jdab: 
ujion apar-agar with one hM)pful of the contents of this 
tube. Are the results on the plates alike ? 

Detertiiinc the exact time uevM-s.sary to sterilise ob- 
jects, such u>: silk or votli m,'Afftdtt un which luithmx 
spores hswi.' Iieen drifld^JH^^^HHOBlillMAdUrtfaB 
botf«ir metliod. 
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Prepare from the blood of an animal just dead of an- 
thrax a bouillon culture. After this has been in the 
iuculmtor for from thn.H.» to four hours, subject it to a 
temjxjratun* of 55° C. for ten minutes. At the end of 
thi8 time make plates from it, and also inoculate a rabbit 
sulMuitaueouslv with it. What are the results? Are 
the colonies on the plates in every way characteristic ? 

Inoculate six Erlenmever flasks of sterile bouillon, 
each contjiiniuf^ about 35 c.c. of the medium, from either 
the blood of an animal just dead of anthrax or from a 
fresh virulent culture in which no spores are formed. 

Place these flasks in the incubator at a temperature 
of 42.5° (\ At the end of five, ten, fifteen, twenty, 
twentv-tive, etc., days remove a flask. Lal)el each flask 
as it is taken fn)ni the incubator with the exact number 
of days for which it had been at the temperature of 
42.5° ( -. Study each flask ciirefullv, both in its cultural 
jKH'uliaritics and its pathogenic pro[>erties when em- 
phmnl on animals. 

Are these culturc^s identitsil in all rcsj)ects with those 
that have been kept at 37° ( \ ? 

If they (liffer, in what rt*s{K^*t is the difference most 
I'onspieuous ? 

Should anv of the animals survive the inm'ulations 
made from tlu* different cultures in the fon»jroing exper- 
iment, note carefully which one it is, and after ten to 
twelve days re|»eat the inocuhition, using the same cul- 
ture ; if it again survives, inoculate it with the culture 
[mu'Ciliug the one just us*^! in the onler of removal from 
the incubator; if it still survives, inoculate it with vir- 
ulent anthrax. Wiiat is the result? How is the result 
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to be explained? Do the cultures which were made 
from these flasks at the time of their removal from the 
incubators act in the same wav toward animals as the 
organisms growing in the flasks ? Is the action of each 
of these cultures the same for mict», guinea-pigs, and 
rabbits ? 



Prepare a 2 per cent, sohition of sulphuric acid in 
distilled water ; sus[)end in this a number of anthrax 
spores ; at the end of three, six, and nine days at 35° C. 
inoculate l)oth a guinea-pig and a rabbit. Prepare (uil- 
tures from this 8us{)ension on the third, sixth, and ninth 
days ; when the cultures have devel<)i)ed inoculate a rab- 
bit and a guinea-pig from the culture made on the ninth 
day. Should the animal survive, inoculate it again 
after three or four davs with a culture made on the 
sixth day. Do the rt«ults appear in any way peculiar? 



CHAPTER XXV. 



ai.^ jxjvrsuc .nc um .-rpu^aBai iccal is the Mil— The nltxiiyiiig 
cu-Tte hii.-CJai :C vouiw— The )ftaZ?v ot itifiMMi CBdema— The 

By ::.^ t-r^p!«>vis>t^ni ..-.f hKtmolo^ical methods in 
Thx >:.a:v o:* ihx ^^I much light has been shed upon 
ihv ^^::^ ;a:Kl aainrv- ox* The inteie^rii^ and momentous 
)*]i^I«^:v;&! phtn^^mt na that are then^ ct^nstantly in pro- 
i:i\:*fei. I >:" :!u<<\ tht .«m that is of greatest impi>rtance 
•"••nii^ri-^-- :? rik o5;:uij\< iliat ai\'^»mjKiny the widejspread 
|.r.<*>> ■:' .!:-::::. ^r.i:i':i aiul dt"i"«.Miipi»sitioii, to which 
n :' t> :i > :,:i- ;i!rx;^lv l^x » iu:ulf. This res<^hition of 
»l:i«l. i"'::;}^:. \, ••ivxi'ii*' o«inj»iniiuIs mxo simpler strue- 
Tnr»< v.iiw :i\\- :iA>imil;iMf a.- fi^nl for gnnviiijr vegi^ 
iati"ii i- il. [N iiilt ni \\\^*u ilw artivitits of Uietoria 
l«N-iti-«l in t1i«' -ii|m rtirial la vers **f the gn>iind. It is 
ni»t tlinuii:h..nt a •»iiiij»li» pnHt^<. brought alxMit by 
a -iiiirlr, •»|Hi"iti«", ^iH-i-ifs i»f luirtiTia, but reprc^^its a 
s* rii^s «»t* iiu'talMtlicaltrnitiiins. oa^h dotjiiitestepof which 
is mo<i ]»ritbal»ly x\\v ri^iili of the artivitic»s of ditterent 
sjM'iirs ar irmiip **t' s|H-rifs, acting singly or togi^ther 
(synii»ii»tira]ly ). Our knowKHlgc ujHm the snbjcrt 
is not surtirirnt to jHTniit of our fi»llowing in detail 
the nianifn]*! altrnitions und<»rg<»ne by dead org:inie 
material in the process oi' dcfuuniMisition that results in 
its <M)n version into inorganic coinjHuinds, with the fornia- 
tir)n of carbonic acid, ammonia, and water as conspicuous 
end-pnMlucts ; it snflitHs to siiy that, wherever dead 
organic matters are exjxxsed to the action of the great 
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group of saproplivtic liacUria, iu whii-h arc found many 1 
difft'peut sjtecies, the alterations through which tliey ' 
jtasa are ultimately tharacterizeti by the ap|)earaDce of 
these three bodies. When the process of decomposition 
occurs in the soil, liowevcr. it dots not eeasc at this 
point, but we finil still further altprationa — alu^mlious 
cont-erning oioi-e particularly the ammouia Tliia 
change in aninionia is (characterized by the prothicts of 
its oxidation, viz., by tlic formation of nitrous and 
nitric acids and their salts ; it is not a result of the 
direct action of atmospheric oxygen upon the ammonia, 
but occurs through the instrumentality of a special 
gnmp of saprophytes known as the vitrifying organ- 
isms. Tiiey are found in the most superficial layers 
of the groimd, and thoii|;h more i^oiiimon in some 
places than in others, they arc, nevertiielcsH, prc^iit 
over the entire earth's surface. The most cunspiciiouB 
example of the functional activity of thin spwilic form 
of soil or^riuiisra is thai seen in the immense saltix'tre 
beds of Chili and Pern, when', through the ai-tivitiesof 
these microscopic jilanti, iiitratt's are pi-odmi-d frtmi the 
ammonia of the fecal evarnations of sea-fowls in such 
enormous quantities as to form the source of supply of 
this article for the comnien-ial world. A more familiar 
example, thongh hardly u{H)n such a great s<»le, is tliat 
seen in tlicdecomiMisitionand sul)seqiient nitrifi«ition of 
the organic matters of sewage and other impure waters 
in the process of purifit-ation by tiltration through the 
soil; a process in which it is jMwwililc to follow, by 
eJiemitnl means, the organic matt4.'ni from their condition 
as such through ihcir conspicuous nuMlIficatious U\ {\\<\v 
ultimate- iv)uvci-siou Into ammur '"I uitrii' 

acids, in liul the same brcukit 
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resulting iiItimaU*ly in nitrification, oocurs in all nitro- 
genous matters that are thrown upon the soil and 
alloweil to dci'ay. It is lai^ly through this means that 
gntwing vegetation obtains the nitrogen necessary for 
the nutrition of its tissues, and when viewed from this 
standpoint we appreciate the importance of this process 
to all life, animal as well as vc?getable, upon the earth. 
'rhest» very im{)ortant and interesting nitrifying 
oipmisnis, o{ which there appear to be several, have 
Ikhmi subjcH't^nl to (x>nsiderable study and are found to 
|H>ssi»ss }KH'uliarities of sufficient interest to justify a 
more or less detaiitHl description. For a long time all 
t^fforts to isi>latt» them from the soils in which thev were 
lH»Ii(»v(.Hl to Ik» present, and to cultivate them by the 
|»nHH'ss(\*i <*<»ininoii]y empIoycKl in bacteriological work, 
ivsiiJtiHl ill tiiiliiix', Mild it was not until it was found 
that tlir onlinarv niotJKHls of l>a(;teriol<»gi<'al rcscan*li 
wrrr in no way a|)|)]irablc to the study of tlicst* bsu'teria 
that iitlirr, and ultimately su<*<*c\'*sful, mctluMls were 
<levistMl. I>y tlies*' s|>e<*ial devia^s nitrifying baet^'ria, 
eapablf lit* oxidizing aininoiiia to nitric acid, have Ikh'U 
isolat<'<l and rnltivatinl, and the more im|M)rtant of their 
l»iolnirif;iI peenliarities n^eonh^l by Winogradsky in 
Switzerland, by (J. and P. F. Fmnkland in England, 
and i»v .lordan and Hiehanls in this (*oimtrv. From 
the similarity of the |)ro|>erti<'S, given by these several 
<»l ►servers, of the nitrifying organisms isolat^nl by 
them, it seems likely that they have all been working 
with either the sjime oryr«niism or verv closelv allied 
s|KM*ies. 

The organism generally known as the nifro-mojias 
of Winogni<lsky is a short, oval, ami fi-eqiiently almost 
spheri<*al cell. It divides as usual for bm^teria, but 
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^ere is little tendency for the daughter cells to adhere 
;ether or to form rlialns. In tniltureB they are com- 
laonly niHHsed together, by a gelatinous material, in the 
form of zoiiglim. They do not form apores, and are 
probably not motile, though Winogradsky believCB he 
has occasionally detected them iu active motion. As 
has been stated, they do not grow njmn the ordinary 
nutrient media, and camnot, theretbre, be isolated by 
the means commonly employed in m.'|mniting different 
species of bactePta. The moat astonishing jiropiTty of 
this ot^nisMi is its ability to grow and portiirm its 
fermentive function in solntioas absolutely 
)Void of organic matter. It is lielieved to \k able to 
tbtain its necessary ear!)on iVoin larlrouic arid. For 
a isolation and cnltivation Winogrndsky rei-ommends 
G following solntion ; 



To eJich fisisk i«ataining HHJ c.c. of this Hidd is 
hdded from 0.5 to I.O gramme of Iiasic magnesium car- 
bonate susjx'nded in a little distilled water and stcrit- 
lised by boiling. One of the flasks is theu to be inocn- 
lated with a minute |)ortion of the soil under investiga- 
tion, and after fonr to five days u NOinll jHirtion is to lie 
irithdrawn by meiuis of it cajAltary [>i[>ette from over 
^e surface of the layer of magnesium enrlinnate luid 

uisfcrred to a second dask, and similarly after four or 
ke days from this to a third flask, and soon. As thiw 
jttediiim does not offer L!onditioi)flj|f|||||||^^^ growth 
F iMU'teria re<|niriiiL' .JiLMui 
lent, tlioM' thiii 
lOil i)ni(-kly disii]! 
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ing organisms remain. These are to be seen as an 
almost transparent film attached to the clumps and 
granules of magnesium carbonate on the bottom of the 
flask. 

For their cultivation upon a solid medium he em- 
ploys a mineral gelatin, the gelatinizing principle of 
which is silicic acid. A solution of from 3 to 4 per 
cent, of silicic acid in distilled water, and having a 
specific gravity of 1 .02, remains fluid and can be pre- 
served in flasks in this (condition (Kuhne). By the 
addition of certain salts to such a solution gelatiniza- 
tion occurs and will be niore or less complete, according 
to the pro])ortion of salts added. The salts that have 
given the l)e8t results, and the method of mixing them 
are as follows : 

{Ammonium Kill pliHte 0.4 gramme. 
Mtif^iiesiiim sulphate 0.05 " 
Calcium chloride trace. 



Potassium phosphate O.l gramme. 

h -I Sodium carbonate O.C lo 0.9 



j 

' Distilled water UW c.c. 



The sulpljates and chloride («) are mixetl in 50 c.c. 
of the distilled water, and the phosphate and carbonate 
(6) in the remaining 50 c.c. in sejxirate flasks. 

Eath flask with its c^ontents is then sterilizinl and 
ailer cooling i^rc mixed togethcT. This represents the 
solution of mineral salts that is to Iw added to the 
silicio acid, little by little, until the proi)er degree* of 
consistence is obtained (that of ordinary nutrient gela- 
tin). This j)art of the jiroccss is best conducted in the 
cultnre dish. If it is desired to separate the colonit^, 
as in an onlinary plate, the in<»culati<m and mixing of 
tlic material intro<luced must be done In^forc* gelatinizsi- 
tion is complete ; if the niat<Tial is to 1h' distributed 
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only over the surface of the medium, then the mixture 
must first be allowed to solidify. 

By the use of this silicate-gelatin Winogradsky has 
isolated from the gelatinous film in the bottom of fluids 
undergoing nitrification a bacillus which he believes to 
be associated with the nitro-monas in the nitrifying 
process. 

Our knowledge of these organisms is as yet too in- 
complete to permit of a satisfactory description of all 
their morphological and biological peculiarities. What 
has been said will serve to indicate the direction in 
which further studies of the subject should be prose- 
cuted. 

For further details the reader is referred to the 
original contributions.* 

In addition to the bacteria concerned in putrefac- 
tion and nitrification there are occasionally present in 
the soil micro-organisms possessing disease-producing 
properties. Conspicuous among these may be men- 
tioned the bacillus of malignant (edema {vibrion «g>- 
tique of the French), the bacillus of tetanus, and the 
bacillus of symptomatic anthrax {Rauschbrand, Ger- 
man ; charbon symptomaJtique, French). It is some- 
times due to the presence of one or the other of 
these organisms that wounds to which soil has had 
access (crushed wounds from the wheels of cars or 
wagons, wounds received in agricultural work, etc.) 
are followed by such grave disturbances of the con- 
stitution. 



1 WinogradAy: Aniutles de rinatitut Pasteur, tomes i v., 1H90, and v.. 1891. 
Jordtm and Richards: Rep. State Board of Health. Mass. " Purification 
of Sewage and Water." 1890. vol. ii. p. SCA. 

F)rankUind, O. C. and P. F. : Proc. Royal Soc. Ix)ndon, 1890. xlvli. 
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THK BAt ILLIS uF TETAXrS. 

In 1S>4 Xio^laier prudiiced tetanus in mice and rab- 
bits i\v the siilvutaneous inoculation of particles of 
earxlon t.^rth. and demonstrated that the pus produced 
at the |x»int of inoculation was capable of reproducing 
the diik'oso in other niiee and rabbits. He did not 
suovwil in i^i^latiug the organism in pure culture. In 
1884 Carle and Kattone. and in 1886 Kosenbach de- 
monsTRiteil the infivtioiis nature of tetanus as it occurs 
in man by pr^Hluoing the disease in animals through 
the inotnilation of them with the secretions from the 
wounds o( individuals aftei*ted with the disease. In 
188S> Kit;isati» ohtaineil the bacillus of tetanus in pure 
eultun\ and de-^TiU^I lii< methoil of obtiiining it and 
its hiolosrii-al |H?i*uliarities jis follows: 

^[tth^»*.^ nf Maininu if, IniK'ulatc st^veral mice sub- 
eutanoouslv with the sei*n'iions from the wound of a 
ease of lypii-al tetanus. This material usually contains 
not i»nly teiainis lKU*illi, but other organisms as well, 
so that at auit>i>sy, if tetanus results, there may Ik» 
mon* «»r h'<s ot* supjniration at the seiit of inoculation 
in thr niiiv. In onler t4i >i*|>anite the tetanus l>a(*illus 
from \hv othei^ that are [uvsent, the pus is snicare<l 
ujK)n tht' surtSun' t»f x'vrral slanteil blooil-scrum or 
apir-airar tuUs anil |>laaHl at l\7° in :\S° C After 
twenty-four hours all the orgjmisms will have devel- 
<»pe<l an<l nii<*roseopi<* examination will usually reveal 
the pn'sruiH' of a few trtanu> baeilli,recogniziible by their 
sha|)e, viz., that <»f a small pin, with a s|>ore serving 
as the IhjkI. After forty-eight hoiirs at ;18° V. the 
<*ulture is subp'i'tetl to a tem[H'rature of 80° ( \ in a water- 
hath for from thnK^npiarters to one hour. At the end 
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of this time, seriesof plates or Esman-li tubes iu slightly 
alkaline gelatin are made with very small amounts of 
the culture and kept in an atmosphere of hydrogen (see 
p^es 175-178). They are thon kept at from 18" to 20° 
C, and at the end of ahout one week the tetanus bacillus 
begins to appear in the form of colonies. After about 
ten days the colonies should not only bo examined 
microscopically, but each colony that had developed in 
the hydrogen atmosphere should be obtained in pure 
culture and again grown tinder the same conditions. 
The colonies that grow only without oxygen, and 
which are composed of the pin-shaped organisms, 
must be tested u[H>n mice. If they represent growths 
of the tetanus bacillus, the typical clinical manifesta- 
tions of the disease will I>e produced in these animals. 
In obtaining the organism from the soil much diffi- 
culty is experienceil. There arc a number of spore- 
bearing organisms here that are facultative in their 
relation to oxygen, and are, therefore, very difficult to 
eliminate; and there is, moreover, one in particular, 
that, like the tetanus hatdllus, forms a polar spore. This 
spore is, however, less round and much more oval than 
that of the tetanus bacillus, and gives to the organism 
containing it more the shape of a javelin (or c/os- 
tridium, properly speaking) than that of a pm, the 
characteristic shape of the tetanus oi^nism. It is non- 
pathogenic, and grows botli witli antl without oxygen, 
and should, consequently, not I)e mistaken for the latter 
bacillus. It must also be borne in mind that there are 
occasionally present in the soil still other bacilli which 
form polar spurcs. uiid which, when in tilts stii^i-, :ir'' 
almost identical in iipinnranuu wJ^^jHH^Igg buiilli 
but thev will UKnallv 
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relation to oxygen, and they are also without disease- 
producing properties. 

Morpliology. It is a slender rod with rounded ends. 
It may appear as single rods, or, in cultures, as long 
threads. It is motile, though not actively so. The 



Fig. 81. 




<i 






Tetanus bacillus, a. Vegetative stage, ftom gelatin cul tare. b. Spore 

stage, showing pin shapes. 

motility is somewhat increased by observing the organ- 
ism upon a warm sta^e. 

At the temperature of the body it rapidly forms 
s|)oros. These are round, thicker than the cell, and 
usually occujn- one of its poles, giving to the rod 
tlie appearance of a small pin. (Fig. 81.) When in 
th(» spore sta<2:e it is not motile. 

Ft is stained by tiie ordinary aniline staining re- 
a<j^ents. It remains colored under the employment of 
( I ram's method. 

CuHural pecuiinnties. It is an exquisite anaerobe 
and cannot be brought to development under the access 
of oxyjrcn. It grows well in an atmosphere of pure 
hydroi^^'u, l)ut does not grow under the influence of 
carbonic acid. 

It grows in onlinary nutnent gelatin and agar-agar 
of a slightly alkaline reaction. ( Jelatin is slowly Hque- 
li<Kl, with tlu» coinciilent pnKliiction of a small amount 



THE BACILLI'S OF TBTANVi 



of gas. Neither ajpir-agar nor bin 
fied by its growth. 

The addition to the media of 
from 1.5 to2 percent, of glucose, 
0.1 per cent, of indigo-sodiiim- 
sulphat«, or 5 per eent. by volume 
of blue lituiHB tincture favors its 
growth. 

It grows welt in alkaline bouil- 
lon Huder an atmosphere of Jiy- 
ilrogen. 

It may !x' eultivaled thnmgii 
numerous generations under arti- 
ficial conditions without loss of 
virulence. 

AfipeaiUHce of the ctilomet. The 
(iilouies on gelatin under an at- 
mosphere of hydrogen have, in 
their ejirly stages, Homewhat the 
appearan<re of the common haciUun 
aublUig, viz., they have a deu;^, 
felt-like centre surniunded by a 
fringe of delicate radii. The 
liquefaction is so slow that the 
apjKarance is rehiined for a rclsi- 
tively long time. Iiut eventually 
be(»mea altcrcfl. In very old 
colonies the entire masM irf niudc 
up of a numlxT of di^inet threads 
that give to it the a|>ix'arance of a 
wmmon mould. |See Kig. S2.1 

In Utah euliuren. In stiili cul- 
tures, inadv \a *• 
gi'Iatiii, gr**' 




ColiiTil«9i of ibo teuDu* 
haolUrEsfbiiTilafKolfl. miule 
by dlitrl hating ll>e orgnn- 
I«nw IbroiiKli * lube luurly 
flllpd trUh gluroH-v^lallii. 

Tniwphenj of tiydmitcii. 
iKrotn KkanKki. iiiil 



'iuart£rs Hllc-d \iJth 



380 BACTERIOLOGY. 

surface and gradually assumes the appearance of a 
cloudy linear mass with prolongations radiating into 
the gelatin from all sides. Liquefaction with coinci- 
dent gas-production results, and may reach almost to 
the surface of the gelatin. 

RdaJtions to temperature. It grows best under a 
temperature of from 36° to 38® C. ; gelatin cultures 
kept at from 20° to 25° C. begin to grow after three or 
four days. In an atmosphere of hydrogen at from 18° 
to 20° C, growth does not usually occur before one 
week. Xo growth occurs under 14° C. At the tem- 
I)erature of the body, spores are fonned in cultures in 
about thirty hours, whereas in gelatin cultures at from 
20° to 25° C. they do not usually apj)ear before a week, 
when the lower part of the gelatin is quite fluid. 

Sports of the tetanus iMieillus wheu dried upon bits 
of thread over suljihuric a(*id in the desiccator and 
subseijueutly kept ex[>ose<l to the air, retain their vitality 
aud virnlenfe for a numlxir of mouths. Their vitality 
is not destroyed by an exposure of one hour to 80° C. ; 
on the other hand, an exi)osure of five minutes to 
1(X)°C. in the steam sterilizer kills them. They resist 
the action of 5 percent, carbolic acid for ten hours, but 
su(»cumb when cxpostKl to it for fifbnjn hours. In the Siime 
solution, ])lns 0.5 [rt cent, hydrochloric acid, they are 
no longer active after two hours. They are killed 
when act<Kl n[)on for thrive hours by corrosive subli- 
mate, 1 : 1000, and in thirtv minutes bv the same solu- 
tion plus 0.5 [)er wnt. hydrochloric acid. 

Action upon animaii^. After subcutaneous inoculation 
of inwo with minute portions of a pure culture* of this 
organism tetanus develops in twenty-four hours and 
ends fatally in from two to thnv days. Kats, guinm- 
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pigs, and rabbits are similarly affected, but only by 
larger doses than are required for mice ; the fatal dose 
for a rabbit being from 0.3 to 0.5 c.o. of a well-developed 
bouillon culture. The period of incubation for rats 
and guinea-pigs is twenty-four to thirty hours, and for 
rabbits from two to three days. Pigeons are but 
slightly, if at all, susceptible. 

The tetanic convulsions always api>ear first in the 
parts nearest the seat of inoculation and subsequently 
become general. 

At autopsies upou animals that have suwumbed to 
inoculations with pure cultures * of the tetanus bacillus 
there is little to be seen by either macrosc»oj>ic, micro- 
scopic, or culture examination. At the seat of inocu- 
lation there is usually only a hypenemic condition. 
There is no suppuration. The internal organs do not 
present any change, and culture methods of examina- 
tion show them to Iw free from bacteria. Th(» death of 
the animal results from the absor[)tion of a soluble 
])oison, either produced by the bacteria at the si^at of 
inoculation or, which seems more probable, j)roduced 
by the bacteria in the culture from which thev are 
obtained and introduced with them into the tissues of 
the animal at the time of the inocuilation. In supj)ort 
of the latter hypothesis : Miw have been inoculated 
with pure cultures of this organism ; after one hour 
the |K)int at which the inocnilation was made was excised 
and the tissues cauterized with the hot in)n ; notwith- 
stimding the short time during which the organisms 

1 Animals and human beings that have become infected with this organism 
in the natural way commonly pr^wnt a oonditlon of suppunition at the site 
of infecUon; this is probably not < '<^ the tetanuH bacillus, but 

to other bacteria that bavr ^ wound at the time of 

infection. 
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were iu contact with the tissues and the subsequent 
radical treatment, the animals died after the usual 
interval and with the regular symptoms of tetanus. 

The poison produced by the tetanus bacillus, and to 
which the symptoms of the disease are due, has been 
isolated and subjected to detailed study ; some of its 
peculiarities, as given by Kitasato, are as follows *} 

" When cultures of this organism are robbed of their 
bacteria by filtration through porcelain, the filtrate 
contains the soluble poison and is capable, when injected 
into animals, of causing tetanus. 

'' Inoi'ulations of other animals with bits of the 
organs of the animal dead from the action of the 
tetanus poisr)n produce no result ; but similar inocula- 
tions with the blood or with the serous exudate from 
the ])leural cavity always result in the appearance of 
t<*tann.s. T\w i)oison is, therefore, largely prt^sent in 
the circulating Huids. 

** The greatest amount of poisou is produeeil by 
cultivation in fresh neutral bouillon of a very slightly 
alkaline reaction. 

" The activity of the poison is destroyed by an 
cx[)osuro of one and one-half hours to 55° C. ; of twenty 
minutes to 60° C ; and of five minutes to 65° C. 

** By drying at the temj>erature of the body under 
access of air the i)(>ison is destroyed, but by drying at 
the; on! i nary temperature of the nnmi, or at this tem- 
perature in the desiccator over sul])huric acid, it is not 
destroyed. 

" Diffuse daylight diminishes the intensity of the 
[)ois()n. Its intensity is preservixl for a much longer 
time when kept in the dark. 

» Zeitrchr. fllr Hygiene, 1891, Bd. x. p. 267. 
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" Direct sunlight robs it of its [)oisoDous properties 
in from fifteen to eighteen hours. 

" Its activity is not diminished by diluting a fixed 
amount with water or nutrient bouillon. 

" Mineral acids and strong alkalies lessen its inten- 
sity." 

The chemical nature of this poison is not positively 
known, but from the recent observations of Brieger 
and Cohn it is not to be classed with the albumins in 
the sense in which the word is commonly used. When 
obtained in a pure, concentrated form its toxic proper- 
ties arc seen to be altered by acids, by alkalies, by sul- 
j)huretted hydrogen, and by temperatures above 70° C. 
Even when carefully pn)tccted from light, moisture, 
and air it gradually becomes diminished in strength. 
When freshly prepari»il by the methods of the authors 
just cited its j>otency is almost incredible, 0.000,00 
milligramme being sufficient to cause fatal tetanus in 
a mouse* weighing fifteen gramnu^s. 

THE BACILLI'S OF MALKiNANT (EDEMA. 

The bacillus of malignant (edema, also known as the 
vibnon sepiique is another pathogenic form almast 
everywhere present in the soil. In certain respects it 
is a little like the bacillus of anthrax, and was at one 
time confounded with it, but it difters in the marked 
IK'culiarity of l)cing a strict anaerol)e. It was first 
observed by Pasteur, but it was not until later that 
Koch, Liborius, Kitt, and others, described its [kjcu- 
liarities in detail. It can usually bo obtained bv 
inserting under the skin of rabbits or guinea-pigs small 
[>orti()ns of garden earth, stn»et dust, or decomposing 
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organic substaDcee. There results a widespread oedema, 
with more or less of gas production in the tissues. In 
the cedematous fluid about the seat of inoculation the 
oi^nism under consideration may be detected. (Fig. 
8.% A.) 



^"j ty 







BkcUIus o( mkllgnant tedani*. 
lu nhiirl Slid long Ibreads In iBdematoiu Quid from alte of Inoca- 
liiim-i'lH. (After Kocir.) 
^iHREorilieorGHnlam ; rrom culluie. 



It is ;i rod of aliout .'1 to ^.5 /< loug and from 1 t4» 
1.1 /' thick, I. ('., it iri about as long as the bacUius 
anthmcM but in a trifle more slender. It is usually 
fouiid iu iMu-ri, joined cud to cud, but uiay oci-iir as 
lonfiLT threads ; iKirticularly in this the cnse in cultures. 
Wlicu in [Kiirs, the ends that appro.ximate are squarely 
eiit, while the distal e.\tn'initie8 an' rounded. When 
iMTurrin;: =^'"g'.'*i '"'*'' euds are niunded. (How does it 
ditler in tiiis ivspi-ct from the bneUliM ajJkracU f) It 
is slowly motile and ils Hagi'lla are lwate<l Iwth at the 
ends and alonjj; the sides of the rod. It torms siwres 
that an- usually loeate<l iu or near the middle of the 
ImhIv of the <t'll. These may eausr a swelling of the 
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cell at tlie point at which thoy are 1o(»ted and give to 
it a more or less oval, spindle, or lozenge slia[>e. (Fig. 
83, H.) 

It is a strict anaerol)e, growing un *"'°- **■ 

all the ordinary media, but not under 
tlie access of oxygen. It grows well 
in a hydrogen atmosphere. It cauRes 
liqiiefaetiou of gelatin. 

In tubes eontaining ahont 'HQ to 31) 
c.e. of gelatin that haB been liqiieliKl, 
inoculated with a .small amount of th<> 
<'iilture, and tbeu nipidly solidified in 
iw-water, growth appears in the form 
of isolated tsjlonies at or near the bot- 
tom of the tube in from two to thre<' 
days at 20° 0, These wlonii-s, when 
of from 0,-') to 1 mm. in diameter, ap- 
pear as little spheres filled with dcai' 
liquid, and are difficult, for Una reason, 
to detect. (Fig. M.) 

As they gradually increase in sine 
the tonteiita of tlie spheres become 
elondy and are market] by fine radi- 
ating stri|H"e, easily to be detected 
with the aid of a small hand-lens. In 
<leep-stab cultures in agar-agar and 
gelatin, development only occurs along coioniiai oi the 
the track of ptinetiire at a distance nwu^rfomin d«p 
Ik-Iow the »ll^fal'^^ Growtli i» fre- ««i»un culture. (At 
quently accoTnpaiiied by the prodnry prnww.) 
tioii of ga-s-biiblilcs. 

It musts rapid Ii<itiefuction of blood-seniin with prti- 
dtictiou of gas-bubbli's, and in two or three days th« 
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entire medium may have become converted into a yel- 
lowish, semi-fluid mass. 

The most satisfactory results in the study of the 
colonies are obtained by the use of plates of nutrient 
agar-agar kept in a chamber in which all oxygen has 
been replaced by hydrogen. The colonies appear as 
dull-whitish points, irr^ular in outline, and when 
viewed with a low-power lens are seen to be marked 
by a network of branching and interlacing lines that 
radiate in an irregular way from the centre toward the 
|)eripheiy. 

It grows well at the onlinary temperature of the 
room, but reaches its highest development at the tem- 
I)ei'ature of the IxkIv. 

It stains rwidilv with the oitliuarv aniline dyes. It 
is decolorized \y\wu treiiteil bv CxraniV niethcKl. 

Patliogeiieffix, The animals that are known to 1k^ 
susceptibh* to inoculation with this (U'gsmism art* 
man, horses, calves, dojps, goats, slK^cp, pigs, ehi(*kens, 
pigeons, rabbits, guinea-pigs, and mice*. Cases are 
rcconlcd in which men and horses have developed the 
disease al\er injuries, doubtless due to the introduction 
into the wound, at the* time, of soil or dust (xmtaining 
the orgjinisni. 

If one introtluces into a pocket Ixiueath the skin of a 
susceptible animal about as much ganlen earth as can 
bt* held upon the point of a [K?nknife, the animal fre- 
(iuently dies in from twenty-four to forty -eight hours. 
The most cons[)icuons result found at autopsy is a wide- 
spread (cdcnia at and about the seat of inoculation. The 
(edematous Huid is at places clear, while again it may hv 
marked with blood ; it is usually rich in bacilli (Fig. 
80, a) and contains gas-bubbles. Of the internal 
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organs, only the spleen shows much change. It is 
large, dark in color, and contains numerous bacilli. If 
the autopsy is made immediately afler death, bacilli are 
not commonly found in the blood of the heart, but if 
deferred for several hours the organisms will be found 
in this locality also, a fact that speaks for their multi- 
plication in the body after death. At the moment of 
death they are present in all the internal viscera and on 
the serous surfaces of the organs. 

Mice are probably most susceptible to the action of 
this organism, and it is not rare to find the organisms 
in the heart's blood, even immediately after death. 
They die, as a result of these inoculations, in from six- 
teen to twenty hours. 

Where purc cultures art* used for inoculation a 
I'clatively large amount must l)e employed, and it 
should be introduced into a deep pocket in the subcu- 
taneous tissues some distance from the surface. In 
continuing the inoculations from animal to animal 
small portions of organs or a few drops of the (Bdema- 
fluid should be used. The inoculation may also be 
successfully made by introducing into a pocket in the 
skin bits of sterilized thread or paper upon which 
cultures have been dried. 

The methods for obtaining the organism in pure 
(Hilture, from the cadaver of an animal dead from in- 
(K*ulation, arc in all essential re8i)ect8 the same as those 
given for obtaining cultures from tissues in general, 
but it must be remembered that the organism is a strict 
anaerobe and will not grow under the influen<^» of oxy- 
gen (see methods of cultivating anaerobic sjK'cies). 

In some respects this bacillus siijxgcsts the bacillus 
(inthraciSf but difiFers from it in so many imjM>rtant 
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details that there is no excuse for confounding the 
t>vo. 

Note. — From what has been said of this organism, 
what are the most important differential points between 
it and the bacillus anthracis f Inoculate several mice 
with small portions of garden earth and street dust. 
Isolate the organism that agrees most nearly with the 
description here given for the bacillus of malignant 
oedema. Compare its morphological, biological, and 
pathogenic peculiarities with those of the bacilltis 
anthracis under similar circumstances. 

Still another pathogenic organism that may be 
present in the soil is 

THE KACILLrs OF SVMl*TOMATI(' ANTHRAX; 

bacterie du charbon symptomatique (French) ; Bacillus 
des Rauschbrand (German). It is the organism con- 
(XTncd in tlic prcHliiction of the disease of young cattle 
and slieep commonly known as " black leg," " quarter 
evil/' and *' (juarter ill/' a disease that prevails in cer- 
tain localities during the warm months, and which is 
characterized by a peculiar emphysematous swelling 
of the muscular and sulx'utaneous ct^l hilar tissues over 
the quarters. The muscles aud wllular tissues at 
the points affected are seen on section to be saturated 
with bloody scrum, and the muscles, particularly, are 
of a dark, almost black color. In these areas, in the 
blooilv transudates of the serous cavities, in the bile, 
and, after death, in the internal organs, the organism 
to be dcs(Tib(Kl can alwavs Ikj dctecited. It is manifest 
from this that the soil of localities over which infected 
herds are grazing may readily become contaminated 
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tlinmgb a variety of rhanuels, and Uiiia serve as a 
source of further dissemination of the disease. 

The organism was first observed by Feser, and sub- 
sequently by Bollinger and others. The most complete 
description of its morphological and bioli^ieal pecu- 
culiarities is that of Kitasuto {ZeUachr. JUr Hygiene, 
Bd. vi. p. 105; Bd. viii. p, 5.5). The following is from 
Kitasatu's contrihiitious: It is an actively motile rod 
of aliout 3 to 5 /' long by 0.5 to 0.6 m thick. It is 
rounded at its ends, and, as a rnle, is seen singly, 
though now and then jtairs joined end to end may 
occur. It has no tendencv to form verv long threads. 
(Fig.8S,A.) 



6 . 0^ 




It forms spores, and when in this stage is seen to 
be slightly swollen at or near one of its iiotes, the loca- 
tion in which the spore usually appears. (Fig, 85, ii) 

It is conspicuously jirtjue to nndergo degenerative 
changes, and involution forms arc commonly seen, not 
only ill fresh oqltUKe but in the (issues of affecrted 
animals 

'I'liough ad^^^^^^^^^^^|tte v^-tntive stage, 
thii^^^^^^^^^^b.niot ion 1 cHM 
^l«.r 
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It is strictly anaerobic and raiiinot be cultivated in an ' 

atmosphere in wbich oxyjien is present. It grows best 

nnder hyilrogeii, and does not j^niw under earboiiic acid. 

The media most favorable 

firowth are those containing glucose (1.6 

to 2 perc*;nt.), ylycerin (4to5percent.), 

or some other redutiing body, siioh as 

i ndigo-sodiiim-sulphate, sodium formate, 



Whi'ii ciiUivated upon gelatin plates 
in :iu utmoaphere of hydrogen the col- 
ouit'S appear as irregular, slightly lobu- 
liiteil masses, .\fttfr a short time lique- 
tiirtion of the gelatin (Ktcurs and the 
colony presents a dark, dense, lobu- 
luted and broken centre, surrounde*! by 
a much morf> delicsite fringe-like zone. 

Wlien distributed through a deep layer 
• if ]ii|uctied gelatin tliat is subsequently 
iiuisod to solidify, mlouies develop at 
unly the lower portions of the tube. 
The single colonies appear as discrete 
u;lobulcs that cause rapid liquefaction 
of the gelatin and ultimately coalesce 
iutJt irregular, lobulatcd. liquid areas. 
In some of the larger colonies an ill- 
UfiUiiu ot «)nip- defined, coni«ntric arrangement of alter- 
in deep geiKtiii nate clcar and cloudv zones can be made 

Fmrrxft.) In deep-stab cultures in gelatin growth 

begins after about two to three days at 

20° Ut 25° C. It I>cginfl usually at about one or two 

• I'ntiuiclrcs liolow tlii' isurfaci' and causes sluw lii[iiefac. 
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tion at aud around the track of its development. 
During the course of its growth gas-bubbles are pro- 
duced. 

In deep-stab cultures in agar-agar at 37° to 38® C. 
growth begins in from twenty-four to forty-eight hours, 
also at about one or two centimetres below the surface, 
and is accompanied by the production of gas-bubbles. 
There is produced at the same time a peculiar, penetrat- 
ing odor somewhat suggestive of that of rancid butter. 
Under these conditions spores are formed after about 
thirtv hours. 

It grows well in bouillon of very slightly acid re- 
a(*tiou under hydrogen, but does not retain its viru- 
lence for so long a time as when cailtivated upon solid 
media. In this medium it develops in the form of white 
flocculi that sink ultimately to the bottom of the glass 
and leave the supernatant fluid (juite clear. If the vessel 
is now gently shaken these delicate flakes are distributed 
homogeneously through it. In bouillon cultures there 
is often seen a delicate ring of gas-bubbles around the 
point of contact of the tube and the surface of the 
bouillon. There is produced also a peculiar penetrating 
sour or rancid odor. 

It grows best at the body temperature, t. e., from 37° 
to 38° C, but can also be brought to development at 
from 16° to 18° C. Under 14° C. no growth is seen. 
Spore formation appears much sooner at the higher than 
at the lower temperatures. When its spores are dried 
upon bits of thread in the desiccator over sulphuric 
acid and then kept under ordinary conditions they 
retain their vitality and virulence for manv months. 
Similarlv, bits of flesh from th<* jif!(M*to<l area** of ani- 
mals dead of this disoas'.', when n>inph'tc]y dricKl, are 
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seen to retain the power of reproducing the disease for 
a long time. The sjK)res are tolerably resistant to the 
influen(»e of heat : when subjected to a temperature of 
80° C. for one hour their virulence is not affected, but 
an expa^^ure to 100° C. for five minutes completely 
destroys them. They are also seen to be somewhat 
resistant to the action of chemicals : when exposed to 
5 jKjr cent, carlwlic acid they retain their disease-pro- 
ducing proi)ertics for about ten hours, whereas the vege- 
tative forms are destroyed in from three to five minutes ; 
in cornisive sublimate s(»lution of the strength of 
1 : 1000 the spores art* killed in two hours. 

When gehitin cultures are examined microscopically 
the organisms are usually seen jis single rods with 
rounded ends. \\'heu cultivateil in agar-agar at a 
higher tcmjH'niturc sjK^res arc formed after a short 
time ; tlies(» spoi^es an» oval, slightly flatttmed on their 
sides, thicker than tlu' bacilli, and, as stated, frequently 
occupy a position inclining to one of the |)oles of the 
bacillus, though they are as often st»cn in the middle. 
The bacillus containing a s|M)re has usually a clublxKl 
or spindle shape. 

It stains readily with the ordinary aniline dyes. It 
is decolorized by (Jrain's method. Its spores may Iw 
staincnl by the methods usually employed in s|K>re- 
staining. 

PathogencHiH. — When sust.'cptible animals, esjKJcially 
guincii-pigs, are inoeiilatcil in the deeper sulx^utaneous 
cellular tissues with pure cultures of this organism, or 
with bits (»f tissue fr(»ni the afre<'t<Hl area of another 
animal dead (»f the (lis(»ase, <leath (»nsnes in from one to 
two (lavs. It is ])re<'ede<l by rise of tempenitnre, loss of 
apjH'tite, an<l gi'uenil in(lis|M)siti<»u. The s<'at of in<M*ula- 
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tion is swollen and pHiniul^ and drops of bloody serum 
may sometimes l>e seen exuding from it. At autopsy the 
subcutaneous cellular tissues and underlying muscles 
present a condition of emphysema and extreme oedema. 
The oedematous fluid is often bloodstained and the 
muscles are of a blackish or bhickish-brown color. 
The lymphatic glands are markedly hyjKjnemic. The 
internal viscera present but little alteration visible to the 
naked eve. In the blood stained serous fluid about the 
l)oint of inoculation short bacilli are present in large 
numbers. These often prest»nt slight swellings at the 
middle or near the end. Thev are not seen as threads 
but lie singly in the tissues. Occasionally two will l)e seen 
joined end to end. If the autopsy is made immediately 
after death these organisms may not be detected in the 
internal organs, but if not made until after a few hours 
they will be found there also. In fresh autopsies 
only vegetative forms of the organism may be found, 
but later (in from twenty to twenty-four hours) spore- 
l)earing rods may Ix; detecte<l. (How does this com}>are 
with the bacillus anthracis f) By successive ino<*ulations 
of susceptible animals with the serous fluid from the seat 
of in(K*ulation of the dejul animal, the dist»as<» may be 
reproiliutHl. 

Cattle, sheej>, goat«, guinea-pigs, and mice are sus- 
ceptible to infection with this organism, and present the 
conditions al)ove descrilKnl ; whereas horses, Jisses, and 
white rats [)resent only lo(»l swelling at the site of in- 
cH'ulation. Swine, dogs, cats, rabbits, ducks, chickens, 
and pigeons aiv, as a rule, naturally immune to the 
(lisc»asc. 

Though clos(»ly simulating the bacillus of malignant 
(iKlema in many of it« iKK'uliarities, this organism can, 
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uevertkelesSy Ik* readily distinguished from it. It is 
smaller ; it does not develop into long threads in the tis- 
sues ; it is more actively motile, and forms spores more 
readilv in the tissues of the animal than does the bacillus 
of malignant cedema. In their relation to animals they 
also differ, viz. : cattle, while conspicuously susceptible 
to symptomatic anthrax, arc practically immune toward 
malignant crdema; and while swine, dogs, rabbits, 
chickens, and pigeons arc readily infected with malig- 
nant ipdonia, they are not, as a rule, susceptible to 
symptomatic anthrax. Horses are affected only locally, 
and not seriously, by the bacillus of symptomatic an- 
thrax, but they are conspicuously susceptible to both 
artificial inoculation and natural infiK*tion bv the 
bacillus of malignant uHlenui. 

The <li.stribution of the two organisms over the earth's 
surface' is also quite different. The oedema bacillus is 
j)rcn«ent in almost all soils, while the bacillus of symp- 
tomatir anthrax ap|K»ars to be confined to certain locali- 
ties, cs|>ccially plaivs over which inf(»cte<l herds have 
Ikh'u pasturwl. 

A sinji^lc atta<"k of symptomatic anthrax, if not fatal, 
affonls subsccjucnt protection, while infection with the 
malignant (^h'ma bju'illus ap|)ears to predispose to re- 
rurrcnc^' of the (lis(»as<». (liaumgjirten.) 



CHAPTER XXVI. 

Infection and immunity— The t>'pes of infection ; intimate nature of in- 
fection— Septicaemia, toxemia, variations in infectious processes— Immunity, 
natural and acquired— The hypotheses that have been advanced in explana- 
tion of Immunity— Conclusions. 

An organism cjipable of pixxliicing disease* we call 
pathogenic or inffctivCy and the pro«*ss by which it 
prodii(H?s disease we know as hifection. Diseases, there- 
fore, that dejKind for their (existence upon the presence 
of bacteria in the tissues are infectious disc^ases. 

What is the intimate nature of this process we call 
infection ? Is it due to the mechanical presence of 
living bacteria in the body, or does it result from the 
(hposUion in the tissues of substances produced by these 
bacteria, that are either hn^lly or generally incompatible 
with life? Or, is the group of pathological altt^rations 
and constitutional symptoms seen in these diseases the 
result of abstraction from the tissues, by the bacteria 
growing in them, of substances essi^ntial to their vitality? 
These are some of the more important of the questions 
that present themselves in the (»oiirse of analysis of this 
interesting phenomenon. 

Ix»t us look into several typical inflections diseases, 
note what we find, and see how far the results will 
aid us in formulating an opinion. We begin with a 
study of those diseasc^s in which there is a gcMieral infec- 
tion, /. <'., in which there is a general distribution of the 
infective agents throughout the Ixxly This group com- 
prises the ^^septici ' »nd of them the dist^UH^ of 
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auimals known as anthrax represents a type of the 
condition. If the eadavcr of an animal dead of anthrax 
be examined hv Ixieteriolojijieal methods it will be dis- 
covered that there is prt»sent in all the organs and 
tissues an organism, a bacillus, of definite form and 
biologiral characteristics ; and if the organs and tissues 
generally be subjtx;ted to microscoj)ic examination this 
same organism will l)e found always present and always 
locatcil within the capillaries. At many ]K)ints it will 
Ik? seen crowdinl in the capillaries in such numbers as 
to almost, if not (piitc, burst them, and very commonly 
their lumen tor a considerable extent is eutirelv occluded 
by the growing bacilli. In such a wise as this we might 
be tempte<l to conclude that death had Resulted from 
mechanical interference with the wipillary circulation. 
Suppose, however, we subject the cultures obtaininl 
from this animal to conditions, either chemiciil or 
thermal, that are not particularly favorable to their 
normal (leveloi)nient, and from time U) time inoculate 
sus('eptil)le animals with the cultures so treated. The 
result will be that as we continue to expose our cul- 
tures to iinfavoral)le surroundings, the jKTiod of time 
that is nM|nir('(l for them to cause* the death of animals 
will, in sonu» cases, gnulually become extended, until 
finallv death will not ensue at all after inoculation. If, 
Jis these animals die, a carel'nl record of the conditions 
found at auto|)sy l)e kept and compared, it will ulti- 
mately l)c noticed that the animals that die a longtT 
time af\cr inoculation |)rescnt conditions more or less 
at variance with those seen in the original animal. 
These difierences usuallv consist in a diminution of 
the numl)er of l)acilli that appear upon culture plates 
from the blood an<l internal organs, and in a lesst»ning 
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in the amount of mechanical obstruction offered to 
the circulation through plugging of the capillaries by 
masses of baidlli; as dctectcnl by microswpic exami- 
nation of sections of the organs ; indeiHl, this latter con- 
dition may often have almost, if not (juite, disapi)eared. 
We see here an animal dead from the invasion of the 
same organism that produced death in the first animal, 
but witli little or none of the apiwamnces to which we 
were incliniMl to attribut<^ the death of that animal. It 
is apparent then, that this organism, with which we 
have been workinjj:, cjin (h^trov the vitalitv of an 
animal in a wav other than bv mechaniwdlv obstruct- 

• • •^ 

ing its 1 )loc>d vessels ; it possesses some other means of 
destroying life. Possibly its growth in the tissues is 
accompanicil by the produi^tion of soluble |M»isons, which 
when present in the blo<Kl are not (compatible with life. 
I^'t us s<»e if the study of another group of infec- 
tions (^m shcnl any light u[>on the subject. Intr(Klu(*e 
int4) the subcutaneous tissues of a guinea-pig a small 
amount of a pure culture of the ba(^illus of diphtheria. 
In thre(^ or four days the animal <lies. We proct^ed 
with our autonsv in exiwtlv the same wav that we 
did with the animals dead of anthmx, and will be 
jistonished to find that the organs, bhxKl, and tissues 
genendly are sterile,* in so far as the presenct* of the 
organism with which the animal was inoculated is con- 
wrned, and by lH)th culturt* and microscopic^ methods 
it is only iM>ssible to detect them at the site of imwula- 
tion, where they were deposited. It is very evident 
that we have here a condition with which mec^hanical 
plugging of the capillaries oould have had nothing to 

1 In hy far tho greftter namber of • ildtr puttentar 

circumBtanccs there are 
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do, for there are no organisms in the blood to interfere 
with its circulation. Our hypothesis then in r^ard to 
the condition found in our first case of anthrax is again 
not tenable. Similarly, if an animal that has died of 
tetanus be examined we do not find the bacilli in the 
tissues and circulating fluids generally, and, indeed, 
often fail to find them at the j)oint of injury. Plainly, 
these fatal results with their accompanying tissue 
changes occur from the presence of a something that 
cannot be detec*tcd by either cultural or microscopic 
methods, and this something can be only a soluble sul>- 
stance that is produced at the site of inoculation, gains 
access to the circulation and through this channel causes 
death, for it is hardly to be imagined that the insignifi- 
cant wound made in the course of ino<Hilation could 
per se have had this effect. In other words, these latter 
animals Imvc died from what is called toxceniia (poison 
in the blood), a condition conspicuously different from 
septiccemioy as seen in our first animal dead of an- 
thrax. 

There arc, again, other inftH'tious diseases, many of 
which arc known to present variations from what might 
be considered a typical course, that may still furtlier 
serve to support the view that infection is a process in 
which the mechanical effect of organisms in the cir- 
culating fluids is of little conse(pience. Conspicuous 
anion*:: these arc the infectious that follow upon the 
introduction into the tissues of suswptible animals of 
cultures of the microcorcioi Uniccolaius (pneumococcus), 
of the bacillus of clii<'lvcn cholera, and of the organ- 
isms concerned in i\w production of the so-calleil 
hemorrhagic scj)ti('ieniias. When running their normal 
course these or<r*unsms cause typical septicsemias when 
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introduced into animals, but oft^n, from causes not en- 
tirely clear, the animals die with only local lesions, or 
with but very few organisms in the internal viscera. We 
see here conditions analogous to those observed in the two 
experiments with anthrax, viz., we find a group of dis- 
eases that are normally classed as septicsemias, because of 
the general invasion of the body by the organisms con- 
cerned in their production, but which frecjuently assume 
a purely lociil character — in both instances proving 
fatal to the animal infected. From what we have seen 
it is manifestly pmlmble, whether these diseases be 
designated jis septicaemias or septic troubles, or toxaemias 
or toxic troubles, that death is produced in all instances 
by the poisonous products resulting from the growth of 
the infec'ting bacteria. In the case of typical anthrax, 
and other varieties of septicaemia, the production of this 
poison is associated with the general dissemination of 
the organisms throughout the body, while in those infec- 
tions often referred to as toxaemias, of which diph- 
theria may be taken as a tyjHJ, the poison is pn)duced 
by the organisms that remain localized at the site of in- 
vasion, and is from thence disseminated throughout the 
IkkIv by the circulating fluids. 

Infei'tion thus far, then, appears to be a chemical 
process. Through s])e<*ial investigations that have been 
made \\\ion the products of growth of certain pathogenic 
bacteria, this opinion has received further confirmation ; 
it has IxHjn found possible by the use of appropriate 
nietho<ls to isolate, from among the mass of material in 
which certain of these organisms have been artificially 
cultivat(Kl, substana»s which, when separati^l from the 
bacteria by which they wen* productnl, possess the 
power of causing in animals all the constitutional symp- 
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toms and pathological tissue changes that are seen to 
o(x\\v in the course of infection bv the organisms them- 
selves. 

In some instances the production of the poisonous 
principles, even under artificial conditions of cultiva- 
tion, is of a most astonishing nature, and poisons result 
that, in the degree of their toxicity, exceed anything 
hitherto known to us. For instance, the potencies 
of the poisons that have been isolated from cultures of 
the badllua diphiheince and the l>acillus of tetanus have 
been carefully determined by exj>eriment8 u|K)n animals^ 
and it has been found that 0.4 milligramme of the 
former is capable of killing eight guinea-pigs, each 
weighing 400 grammes, or two rabbits, each weighing 
three kilognimnies (Koux and Yersin ') ; and that 0.0001 
milligrainine of the latter will produc*e tetanus in a 
mouse, with all the characteristic manifestiitious of the 
disease (Brieger and Colin*). 

In short, infection may 1k^ l>est conceived as a contest 
between the invading organisms on the one side and the 
resisting tissues of the animal body (m the other, the 
weapons of offense of the former being the |)oisonous 
products of their growth, and the means of defense 
possessed by the latter l>cing substiinces which are, so 
to speak, antidotal to these |K)isons. If the tissue ele- 
ments avi' not of suflieient vigor to neutralize tlie bac- 
terial poisons, the bacteria are victorious, and infection 
results, while, if there is failure to establish a c*ondi- 
tion of disease, the tissues arc victorious, and are said to 
Ik* rcsistdnf or to possess iinmiuuiy to this particular 
form of infeetion. 

> Ann»iles<le I'ltistitut I'aslenr, tome iii., lS8y, p. 287. 

-' Zeilschr. fur IlyKicne u. Infektlonskmukhciten, Bd. xv., Hea 1., 1891. 
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It is a common observation that certain human beings 
and animals are more susceptible to the different forms 
of infection than are others, and that some are apparently 
not at all liable to jmrticular diseases ; in other words, 
they are naturally immune to the maladies. 

Again, it is often observed that an individual or 
animal after having recK)vered from certain forms of 
infection has thereby acquired protection against subse- 
quent attacks of like character ; in other words, they 
are sjiid to have acquired immunity to this trouble. 

The problem involving the explanation of these in- 
teresting observations ha4S afforded material for reflection 
and hypothesis for a long time, but it is only through 
investigations that have Ikh^u conducted during the i>a8t 
few years that it has met with anything approaching 
n^iisonable solution. 

Conspicuous among the observers who have endeav- 
oreil to explain the modus operandi of immunity may 
l>e mentioned Chauveau, Pasteur, Metcluiikoff, Buch- 
wev, Flfigge, and his pupils (Smirnow, Sirotinin, 
Hitt<T, Nuttall) Fodor, and Hankin, and in the follow- 
ing pages we will present briefly the results of investi- 
gations by these various authors. 

In 1880 Chauveau^ suggest^Hi an explanation for the 
phenomenon of immunity that has since l)een known 
as the retention hypothesis. It is, in short, as fol- 
lows: That the immunity commonlv seen to exist in 
animals that have passed through an attack of infec*tion, 
against a subsequent outbn^jik of the same malady, and 
likewise the immunity that has Ix^en pnKluced artificially 
by vaccination^ exists by virture of some bacterial pnx- 
duct that baa been retained or deposited in the tissues of 

li. No. 91. July. 1SS4I. 
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thosti anioialw, ami that this product by its presence 
prevents the development of the same orgaoisms if they 
should subsequently gain at^cess to the Ixidy. 

Bearing npou this view the experimeDte of Sirotinin,' 
made with cultures of various pathogenic bacteria, 
demonstrated that in so far as culture experiments were 
Donpcrned the only substances produced by growing 
bacteria that could be in any way inimical to their 
further development were substances that gave rise to 
alterations in tlie reaction of tlie medium in which 
they were developing, (', *■., m^ids or alkalies produced 
by the bacteria themselves. So long as the organisms 
were not actually dead from exposure to these substances, 
correction of the abnormal reaction was followed by 
further development of the oi^anisms. Sirotinin also 
states that materials containing the prodiicts of growth 
of Iracteria, so long as they are maintained at a neutral 
or only slightly allcaline reaction, serve very well as 
media upon which to cultivate again tlie same organism 
that produced them, providing the nutritive elements 
have not been entirely exhausted. He remarks : that if 
in such a concentrated form as we find the life-products 
of bacteria in the me*lium in which they are growing, 
no inhibitory compounds beyond acids and alkalies arc 
to be detected, it is hardly probable that they arc pro- 
duced in the tissues of the living animal, and retaineiL. ■ 
there, to a dt^ree sufficient to prevent the growth of b 
teria that may subsequently gain entrance to \ 
tissues, after the disappearance of tlie oi^nisms < 
cemed in the primary invasion. On the other hand, 
Salmon and SmitJi,' Roux and ChamborlaDd,^ 

I ZelWoht. fllr Hygiene. Bd. It., IMS. 

' Proc. of Iha Biol, Sac., WiuhinBUm, V. C. 18W, \-o 

« Annnlia de I'losUliit Puteur. lomn i , U., 188a-8«. 
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otlnTB had dpmonatrated that a sort of immunity 
against certain forms of infection mav be afforded Up 
snsceptible animals bv the injection into their tisanes of 
the products of growth of particniar organisms which, 
if themselves introduced into the animal body wonld 
produce fatal results. In the light of subsequent ex])eri- 
meiits, however, the interpretation of this phenomenon 
is not that claimed by the aupirortors of this hypoUieflis. 

As opjMised to the view of Chaiiveaii, Pasteup' and 
certain of his pupils believed that the immunity fre- 
(jueutly afforded to the tissues by an attack of infection, 
or folhiwing upon vaorination against infection, was 
due rather to an abttracfion from the tissues, by the 
organisms that were wmwrnwl in the primaiy attack, 
of a something that is necessary to the growth of the 
infecting oi^nism should it gain cntraniv to the iKidy 
at any subsequent time. This view is known as the 
rxliaaxtian hypotltexU, 

As to the exhaustion hypothesis of Pasteur, there is, 
as yet, no evidence whatever for its support. The 
work of Bitter,* which was undertaken with the view 
of determining if, in the process nfac<[uiringinimnnity, 
there occurred this exhaustion from the tissues of 
material necessary to the growth of bacteria that might 
gain entrance t^i them at some later date, gave only 
negative results. Tiie flesh of animals in which im- 
munity had l)een pi-oiluced contained all the elements 
necessary for the growth and nutrition of the bacter'n 
against which the animals had been protected, jnsi as 
did the fleBh of non-vatx-inated animals. 

Iii-iI«»*«irtrhnikoff' imMlshed the first of a sericB 
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of observations upon the relation that is seen to exist 
between certain of the mesodermal cells of lower 
animals and insoluble particles that may be present in 
the tissues of these animals. The outcome of these 
investigations was the establishment of his well-known 
doctrine of phagocytosisy the principle of which is that 
the wandering cells of the animal, organism, the leuco- 
cytes, possess the property of taking up, rendering 
inert, and digesting micro-organisms with which they 
may come in contact in the tissues. Metchnikoff be- 
lieved that in this way immunity against infection may 
in many, if not all, cases l)e explained. He believed 
that susceptibility to or immunity against infection was 
essentially a matter between the invading bacteria on 
the one hand and the leneocvtes of the tissues on the 
other. The success or failure of the leucocytes in pro- 
tecting the animal against infection depends, according 
to tins doctrine, entin^ly upon the efficiency of the 
moans ix)s.ses.sed by them for destnning bacteria. 
When these means are of sufficient vigor to bring 
about tli(* death of the bacteria, the tissues are victori- 
ous, but when the poisons generated by the bacteria 
are potent to arrest the phagocytic a(?tion of the leuix>- 
cytos, then the tissues sucrumb and infection results. 

Has this doctrine of pliagocvtosis, as advanced by 
Metchnikoff*, stood the test of cxj>erimental criticism? 
Kvidenco that has accrued since the time of its sugges- 
ti(m has rendered cjucstiouablc the advisability of its 
genenil np|)li«ition. 

The first sevei-e blow that this theory riKjeived was 
given by Xutlall,* in his work upon the anti-l)acterial 
action of the animal economy. In these; exiwriments 

> /eitschrift fur nygicnc. vol. Iv., 1888. 
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Xiittall showed positively that the part played by the 
leiicocvtcs was not essential to the destruction of viru- 
lent bacteria in the blood of animals, but that the serum 
of the blood, when quite free from cellular elements, 
possessed this j)ower to a degree equal to that of the 
blood when all the constituent parts were present. In 
the blood, as such, phagocytosis could 1x5 seen, but, as a 
rule, the bacteria presented evidence of having under- 
gone degenerative changes l>efore they had been taken 
up by the wandering cells. 

Contrarv to the notions in existence at the time, 
Traul)c and Gscheidlen,* as far back as 1874, demon- 
strated that (X)nsiderable quantities of septic material 
could l)e inje(;ted into the circulating blood without 
apparently any effect \\\iO\\ the animal. As a result 
of these experiments, the question that naturally 
presented itself was : Does the animal organism 
|X)ssess the jx)wer of rendering septic organisms inert, 
and if so, to what extent? Their further work showed 
tliat appeciable numbers of living bacteria could l)e in- 
jtH!ted into the cin*ulation of warm-blooded animals 
without producing any noticeable effect. Particularly 
was this the (*ase with dogs. If they inj(?ctwl into the 
cinnilation of a dog as \\\\iv\\ as 1.5 c.cm. of decompos- 
ing fluid, the blood drawn from the animal after from 
twenty-four to forty-eight hours showed no especial 
tendency to dwom|H>st^, though it was kept under obser- 
vation for a long time. They Wieved this jwwer, of 
n^ndering living organisms inert, to Ix* i)ossesscHi by the 
circulating bl(MKl to only a limitcKl degnn*, for, aft«r the 
injei'tion of much larger amounts of the putrid fluid 
into the blcMKl of the animal, deatli usually ei 

1 jHhreHbericht dcr ScbleHi8chen OeK. fUr CoUur. 1^' 

18* 
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from twenty-four to forty-eight hours. The blood 
drawn from the animal just before death contained the 
living bacteria of putrefaction, and underwent decom- 
position. They attributed the germicidal phenomenon 
to the action of the " ozonized oxygen of the corpuscles 
of the blood/* 

In 1882 Rauschenbach ^ demonstrated that, in the 
process of coagulation, fibrin was formed not as a 
specific product of the action of the colorless elements 
of the blood alone, but also as a result of the combined 
action between all animal protoplasm and healthy 
blood-plasma, and tiiat in the process there was always 
a disintegration of the leucocytes that were present. 
In 1884 (jroth* demonstrated further that such a dis- 
integration of leucocytes occurred in normal circulating 
blood, though here it was not accompanied by coagu- 
lation. The results of these observations suggested 
the ([ucstion : Does such a disinti^gration occur when 
vegetable prot(>|)lasm is iutro(lu(^l into the bkxxl? For 
the purpose of answering this question, Grohmann,** a 
pupil of Alexander Schmidt, undertook to study the 
action of the circulating blood upon the vegetable pro- 
toplasm of bacteria. 

He noticed that clotting of the blood of the horse 
was verv much accelerated bv the addition to it of cer- 
tain l)acteria, aiul that at the same time the develop- 
ment of the bacteria was checked, and in the (^ase of 
the pathogenic varieties their virulence was diminished. 



^ I'cber die Wcchselwirkung zwischeii Protoplasma und Blutplasnui. Dl»- 
gertntion, Dorpat. 1S82. 

2 Uober die Schicksalc der farbloson Elemente in kreisendem Blut. Dlsser 
tation, Dorpat, 1.S>S4. 

•* Ueber die Einwirkiing des zellenfreien Bliitplasma aiif einige pflanxlicbe 
Mikro-orffanismcn. Dissertation. Dori)at, 1H.*M. 
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Tliis waK particiikriy tin- !««■ wlioii tlit 
was employed. 

Grohmann seems Ut have appreciated the ^ignifii^ucc 
of this observation, though he ttiok no stejis to study it 
more closely. He remarks that tlio system probably 
posscsaesj in the plasmu of the blood, a b«dy having 
disinfectant properties {loc. cU., pp. fi and 33). This 
work, however, was not condnctwl awording tn the 
more exsot methods of modern bacteriological research, 
so that the onmplete demonstration of this pIienomenoD 
must be attributed to Xuttalt. 

Since the publication of N'uttaH's work his results 
have received confirmation from all sides. Fodor,* 
Buchner,' Lubamcli,' Xissen,' Stern," Prudden,* ( 'harrtn 
and Roger,' and others have continne*i in the same 
line, and have all made i>rai-tically the same olsiorva- 
tion. 

.\(Wr the demoMritrutiun by Xntfall that the semm of I 
the blood was directly detrimental to the vitality of ] 
oertain pathogenic l«tctcria, it l>ecame the work of a 
number of investigators totletcrminc to whi<'h element 
of the senira this proj^rty is due, or if it is a fimetion 
of the serum only as a whole. 

In the cunrse of Unchner's exiM-rimentj* it was de- 
monstrated that the serum was robl>ed of this power by 
ail exposure to a tem|)eratiire of 55° C for half an 
hour; that its efKcacy asaj^ermicide wasnotdiminished 
by alterniifp freezing and thawing ; that by dialysis 
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or cxtn»iiie dilution with distilled water, its germicidal 
activity was diminished, or completely checked ; but 
that an equal dilution could be made, if sodium chloride 
solution (0.6-0.7 per cent.) was substituted for the dis- 
tilled water, without the bactericidal ai^tion of the serum 
losing any of its |)ower. From this he concluded that the 
active element in this phenomenon is a living albumin, 
an essential CH)nstituentof which is sodium chloride, and 
which, when robbed of this salt, either by dialysis or 
dilution, Ix^'omes inert in its behavior toward bac- 
teria. 

He found, moreover, that the activity of the serum 
alone agiiinst bat^teria was greater than when the cellular 
elements of the blood were present. This he explains 
by the assumption that in the scrum alone the germi- 
cidal clement prcdoniinati^s, whereas in the blood, as 
such, outside of the body, it is still presc^nt, but is over- 
balanced by the iintrition offered by the disintegrated 
wllular clcnicMits; so that here the nutritive element is 
most conspicuous, and the destructive acitivity toward 
bacti.Tia is less effectual. 

A closer study of the nature of this germicidal ele- 
ment in the l)odv of animals was made bv Hankin and 
Martin.* The former isolate<l from the spleen and 
lymphatic jj^lands a body — a globulin — which in solu- 
tion possesses germicidal |)ro|)erties. 

Siiuihir germicidal, ferment-like globulins have been 
isolateil from the blood by Ogata,' and in their studies 
upon tetanus Tizzoni and Cattani' found a Ixxly 
that was antagonistic to the poison pn)duced by the 
organism oi' this disease. 

I Itritish M«'diciilJ(Hirnal, May :il. 1?<90. 

- <Vntr. f. Hakt. u. rrtni.sitonkmuU;, 18U1, vol. ix.. p. 599. 

•' Ibid., 11.68.'). 
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Hunkiii l)elievi'« the glol>ii1iiis or "deieJisive pro- 
tcids " that he lias discovered and the albuminoid bodies 
studied by Btiehncr to be iduitiail. The most interest- 
ing and, iu the liglit of work that has api>eared since, 
the moat important, of Hmikm's observations were not 
those iiixin the power of these globulins to destroy the 
vitality of living or^nisms, but ratlier those upon the 
relation l>ct\veen them and the poisonoun pruleid pro- 
duets of the organisms. For example, if the jMiisonous 
products of virulent authrax bacilli be isolated and 
mixed with the globulin extracted from normal tissues, 
the experiments of Haiikin showcti a directly destruc- 
tive action on the part of the bacterial products. He 
found tliat the amount of jxiisonous albumuse produced 
by the attenuated anthrax t)acilli, that are employed as 
vaccines, was much less than that produced by the 
organisms possessing full vinilence, and he suggests 
that perlia{>s the protective inRuem-o of vaccinations 
that arc practised by introducing into the animal the 
oipmi.sms tliat have been attenuated in virulence is due 
to a gradual tolerance ai^uired by the i^lls of the tis- 
sues to the at^ition of the poison when produced in tliese 
small (piantities; in the same way that a tolerance waa 
acquired by the tissues for the v(>nom of the rattlesnake 
in the expcrimeutA of Sewall,' and similar to that fol- 
lowing the injection into the tissues of small quantities 
of hcmialhumnse, which in large amounts rapidly 
proves fatal. 

Of utmost importance to these studies of tlie blood 
and fluids of the body are the experiments of Behring 
and Kilasnto* upon the production of immimity I 
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tetanus. In their studies upon the blood of animals 
subjected to these experiments it was found that it was 
not only possible to render animals immune from this 
disease, but that the serum of the blood of these im- 
mimified animals affords immunity when injected into 
the peritoneal cavity of other animals that had not been 
so protected ; and moreover, that this serum possesses 
curative powers over the disease after it has, in some 
cases, been in progress for a time. They found, further, 
that the serum of animals that had been rendered im- 
mune to tetanus, when brought in contact with the 
poison of tetanus, completely destroyed its poisonous 
properties, and that the serum from animals or from 
human beings that do not possess immunity to this 
disease has no su(»h jM)wer. 

Another liypothosis in explanation of tlio immunity 
acquired by tlie tissues of the animal organism is that 
advanced by Huchner/ wlio suggests that in the primary 
infection, from whicli the animal has recovered, there 
lias IxH^n produced a reactive change in the integral 
cells of the body that enables them to protect them- 
selves agjiinst subscHjuent inn)adsof the same organism. 
Though somewhat niort^ vague at first glantre than the 
other tluMjries in n^gard to this j>honomenon, it is, never- 
theless, in the ligbt of subsc([uent research, most prol)- 
ably the corrcH't explanation of the establishment of 
immunity in many, if not all, cases. Experiments 
that iH'ar directly upon this idea have demonstrated 
that, if animals arc subjwted to injcM'tions of the poison- 
ous prcHhu'ts of growth of certain virulent l)acteria, 
they respond to this treatment by more or less pro- 

> Biichncr: Klne ncue Theoric (il>cr Er/ielung von ImmuQiUt gegen In< 
fcktionskrankhciten. Munich, 1hs3. 
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iioimced constitutional reactions^ and that during this 
I>eriod, and for a short time following, they possess pro- 
tection against the invasion of the virulent bacteria 
themselves. This observation has, moreover, not been 
confined to those cases in which injections of the pro- 
ducts of growth have been followed by inoculations with 
the liacteria by which they were produced, but what is 
still more interesting, and confirmatory of Buchner's 
view, it is claimed that a sort of protection against 
ciTtain spe<'ific infections can also be affbrdeil to animals 
by the injection into them of cultures of entirely dif- 
ferent sj>ecie8 of ba(jteria, or their products, and that in 
some cases these are not of necessity of the disease-pro- 
ducing variety. For instance, Emmerich and Mattei ' 
claim to have rendered rabbits insusceptible to anthrax 
through injections into them of cultures of the strepto- 
i^ccus of erysipelas. 

This, they claim, is not due to any antagonism 
l>etween the organisms themselves, for in culturt* exj)eri- 
ments the two organisms grew well together, without 
any alteratitm in their pathogenic properties, but rather 
to the production of a tissue-change by which resistamre 
to the inroads of the virulent bacilli was established. 
Emmerich and Mattei interpret this " reactive tissue- 
(»hange " as a power acquired by the integral cells of 
the Ixxly, of elimihating a product that is detrimental 
to the pathogenic activity of the anthrax bacilli. 

Pawlowsky,' who obtained similar results from the 
iutn>du(^tion into the animal of cultures of the bacHlua 
prodigio8U8, of staphylococcias pyogenes aureus, and of 
the micrococcus lancex)latuSy lK»licv(;s them to Ih' <lue to 

1 Emmerich und Mattvi: Fortschrittc dcr Me<liziii, I.SXT. p. r>'>3. 
» PawlowBkl : Vlrchow's Arch., vol. cvlll. p. 4W. 
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the induction of increased energy on the part of the 
wandering cells, preparing them thus for the more 
difficult task of destroying the more virulent organisms 
with which the animal is subsequently to be inoculated. 

The experiments of G. and F. Klemperer * upon acute 
fibrinous pneumonia, though too limited in extent to 
be accepted as conclusive, have, nevertheless, oflTered a 
number of most significant suggestions, not only in 
connection with several obscure features of this disease^ 
but also in relation to the establishment of tissue 
resistance. 

They found but little difficulty in affording immunity 
to animals tliat are otherwise susceptible to the patho- 
genic action of the organisms concerned in the pro- 
duction of this disease,' by the introduction into their 
tissues of the products of growth of the organisms from 
which the latter had l)eeu separated. The immunity 
thus produecn] is seen in some cases to last as long as 
six months ; again it is seen to disappear suddenly in a 
way not to be explained. It was seen in one case to he 
hereditary. 

The ener^jy of the sul)stanoe that has the power of 
affordino* ininiunitv was seen to Ikj verv much increased 
by subjecting it to teuiperatnres somewhat liigher than 
that at which it was j)roduccd by the bacteria. The 
Klempcrers found that if this substance was heated 
to a teinporaturc of from 41° to 42° C for three or 
four days, or to iM)^ (A for from one to two hours, 
intravenous injection was followed by complete im- 
ninnitv in from three to four davs ; whereas, if the 

^ (i. and F. KleiuiKTcr : liorliner klin. Wochcnschr., 1S91, Noe. 34 and 35. 

-• Animals do not, us a rnle, prewnt the i»neumonlc changes seen in human 
beings. The intnHluction of the tuicrf'Cocai« lanctolalus into their tiasues 
results, in the case of susceptible animals, in the production of septicaemia. 
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unwarined material was used, immunity did not appear 
until fourteen days, and then only after the employ- 
ment of relatively large amounts. Moreover, when the 
j>revi()usly heated products are introduced into the cir- 
culation of the animal, the systemic reaction is of but 
short duration, but if the unwarmed substance is em- 
ployed, immunity is manifest only after the appearance 
of considerable elevation of temperature, which lasts for 
a long time. In explanation of these differences, they 
suggest that, in the latter case, the high fever that is 
seen to occur in the animal may serve to replace the 
warming to which the bacterial products had not pre- 
viously l)een subjected, and which is necessary before 
they are in a position to bring about the condition 
of immunity. Thev claim that the I)acterial pro- 
ducts employed in producing immunity in this case 
are not, in reality, the immunity-affording substance, 
but that they are only the agents that bring about in 
the tissues of the animals alterations that result in the 
production of another body that protects the animal. 
In supiM)rt of this, their argument is that several days 
are necessary for the production of immunity by the 
intnxluction into the animal of the l>acterial products ; 
whereas, if the blood-serum of this animal, which is 
now prote<'t(Hl, Ik» intnKluced into the circulation of 
another animal, no such delay is seen, but instead, the 
animal is forthwith prot<^K3t(»d. In the former case the 
a<*tual protecting IkkIv had first to be manufactured 
by the tissues ; whereas, in the second it is already 
|>n'partHl, and is introduced as such into the se<»ond 
animal. 

Thev found the serum of immunified animals to be not 
only capable of render** nnne^ but that 
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it |K)9acM9ed curative powers when the diaease is already 
in progress. The aerum of tramimifie<l animals, when 
injed^d into the circulation of animals in which this 
form of infection was in progress, and in which 1 
was a body-temperatiire of irom 40.4° to 41 " C, redu<!i 
this temperature to normal (37. 5** C) in twelve ( 
seciitive experiments dnnng the first twentj-four he 
following its employment. 

tn their opinion, the crisis, 'seen in pneiimoni 
in human beings, indicates the moment at which ( 
|>oisonoiis products, ninniifacturcd by the Itacteria If 
in the lungs, are present in the circulation in am 
sufBcient to call forth in the tissues th« reactive change 
that results in the production of the ardidoiat substanoi 
that has the iMwer of rendering the poisons inert 

At the time of the crisis in pneumonia the bact^rii 
themselves arc in no way aflfected. They remain i 
the lungs, and can he detcct^-d, in full vigor and \ 
ience, in tlie sputum of i>atient/; a long time after the 
disease is cured. They have lost none of their power 
of produ<iing jioisonous products, and still jtossess their 
original pathogenic relations toward susceptible animals. 
It is only after the crisis that their poisons are ncutral- 
iKcd by this antidotal proteid that has been eliminated 1 
by the cells of the tissues, and a.s this occur? the syi 
t^-mic manifestations gradually disappear. The Klem 
[wrers claim to have isolated from cultnres of the v 
pocCTM Inticeohhis a proteid body that is the agent e 
ccrned in producing the tissue -reaction which results i 
the formation of the [irotecting substance. They lilcei 
isolated from the senim of immunificd animals a p 
teid that jwisscescs the same powers as the s* 
— viii., of aHnnliiig immunity and curing the di-seasc. 
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Here, again, it appears that the processes of infection 
and immunity are chemical in their nature, the active 
jx)isons of the invading organisms — "the pneurao- 
toxines " — l)eing instrumental in producing the dis- 
eased condition, while the antidotal or resisting body of 
the tissues — " the anti-pneumotoxine " — is the agent by 
which the poison is neutralized. 

Results in general analogous to those of G. and F. 
Klcmj)erer have also l)een obtained by Emmerich and 
Fowitzkv.* 

In the light of these experiments, the hyjx)thesis 
advanced by Buchner, that the establishment of im- 
munity is to l)e explained by reactive changes in the 
integral cells of the l)ody, receives additional support, 
and when we consider the observations of Bitter,' who 
found that in protet^tive vaccinations against anthrax 
the vaccines do not disseminate themselves through the 
body, as is the case when the virulent organisms are 
intr(xlu<'ed, but remain at the jvoint of inoculation, and 
from this point produce, by the absorption of their 
chemical products, the systemic changes through which 
the animal is protected against sul)se(pient infection by 
the virulentorganisms, we feel justified inccmduding that 
the weight of evidence is strongly in favor of this view. 

The exjx'riments that have l)een cited afford but an 
im|)erf(H*t idea of the enormous amount of work that has 
l)eeii done ujyon these imi)ortant subjects ; they may, how- 
ever, serve to indiaito the direction in which the lines of 
research have bt»en laid. As a n»sult of such investiga- 
tions, our knowledge uj)on infection au<l immunity may 
at present be summarized about as folh^ws : 

> Emmerich and P*" •••^i^fd. Wochcnwhr., is<»i , No. 32. 

< Bitter: ZrtiM r. 
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1. That infection may be considered as a contest 
between bacteria and living tissues, conducted on the 
part of the former by means of the poisonous products 
of their growth, and resisted by the latter through the 
agency of proteid bodies normally present in and 
eliminated by their integral cells. 

2. That when infection occurs it may be explained 
either by the excess of vigor of the bacterial products 
over the antidotal or protective proteids eliminated by 
the tissues, or to some cause that has interfered with 
the normal activity and production of these bodies. 

3. That immunity is most frequently seen to follow 
the introduction into the body of the products of growth 
of bacteria that in some way or other have been modified. 
This modification may Ikj artificially product in the 
products themselves of virulent organisms, and then 
introduee<l into the tissues of the animal ; or the viru- 
lent bacteria may be so treated that they are no longer 
virulent, and when introdueetl into the body of the 
animal will eliminate [M^isons of a much less vigorous 
nature than would otherwise be the case. 

4. That immuiuty following the introduction of 
bacterial prmluets into the tissues is not in all cases the 
result of the peruian(»nt presence of these substances, 
per se, in the tissu(*s, or to a tolerance acxjuired by the 
tissues to them, but is probably, in certain instances, due 
to the formation in the tissues of another IkkIv that acts 
as a pr()te('tin*r antidote to the poisonous products of 
invading organisms. 

5. That this protective proteid that is eliminated by 
the cells of the tissues nee<l not of ne<*t»ssity 1x5 antago- 
nistic to the life of the invading organisms themselves, 
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hut iu some ceases must be looked upon more as au anti- 
dote to their poisonous products. 

6. That in the serum of the normal circulating blood 
of many animals there exists a substance that is capable, 
outside of the IkkIv, of rendering inert bacteria that, 
if introduced into the body of the animal, would prove 
infective. 

7. That phag(x^ytosis, though frecjuently observed, is 
not essential to the establishment of immunity, but is 
more probably a secondary process, the bacteria Ixjing 
tiiken up by the leu(x>cytes only after having been 
modified in virulence through the normal germicidal 
activity of the serum of the blcnxl and of other fluids in 
the IxkIv. 

8. That, of the hyiM)tlu^ses that exist for the explan- 
ation of immunity, the one which assumes acquired 
immunity to Ix; due to reactive changes on the part of 
the tissues has received the greatest supjwrt. 



CHAPTER XXVII. 

Bacteriological study of water— Methods employed— Precaotions to be 
observed— Apparatus used, and methods of using them— Methods of investi- 
gating air and soil. 

The conditions that favor the epidemic outbreak of 
typhoid fever, Asiatic cholera, and other maladies of 
which tliese may be taken as types, have served as a 
subject for discussion by sanitarians for a long time. 

Of the hypotheses that have been advanced in explan- 
ation of the existence and dissemination of these dis- 
eases, two stand pre-eminent and are worthy of con- 
sideration. They are the "ground-water" theory of 
Von Pettenkofer and his pupils, and the "drinking- 
water" theory of the school of bacteriologists of which 
Koch stands at the luuul. 

The adherents to the "ground-water" view explain 
the presence of these discuses in epidemic form through 
aheratious in the soil resulting from fluctuations in the 
level of the soil water, and assign to the drinking-water 
either a very insignificant ro/c, or, as is most frequently 
the case, ignore it entirely. On the other hand, those 
who have been instrumental in developing the drinking- 
water hypothesis, claim that alterations in the soil play 
little or no part in favoring the appetirance of these 
diseases in a neighborhood, but that, as a rule, they 
appear as a result of direct infection through the use of 
waters tliat are coutaniinated with materials contiuning 
the specific organisms known to be the cause of them. 

As a result of manv observations on both sides of the 
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(question, the evidence is greatly in favor of the opinion 
that polluted drinking-water is primarily the under- 
lying cause of these epidemics, and this too, very often, 
when the state of the soil water, in the light of the 
"ground -water" hypothesis, is just the reverse of what 
it should be in order to render it answerable for them. 
It is manifest, therefore, that the careful bacteriological 
study of water intended for domestic use is of the 
greatest importance, and should be a routine pro<»edure 
in all communities receiving their water supply from 
sources that are liable to pollution. 

The object aimed at in such investigations should be 
to determine if the water approaches constancy in the 
numl)er and kind of ba(»teria contained in it — for all 
waters, except deep ground water, contain bacteria ; if 
sudden fluctuations in the number of bacteria occur in 
these waters, and if so, to what they arc due ; and finally, 
and most imjwrtant. Does the water (*ontain constantly, 
or at irregular periods, bacteria that can be traced to 
human excrement, not of necessity i>athogenic varieties, 
but bacteria that are known to l)e present normally in 
the intestinal canal? For, if conditions are favorable to 
the presi'nce of these varieties the same conditions would 
favor the admission to the water of other forms of 
Imcteria that are concerned in the production of diseases 
in the intestines. 

In considering water from a bacteriological stand- 
|K)int, it must always be borne in mind that comparisons 
with any general fixed standard are not of much value, 
for just as normal waters from different sources are 
seen to |)resent variations in their chemical (•om|)<)sition, 
without lx»ing unfit for use, so may the niinil)er of 
bacteria |kt volume in water from one source be always 
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greater or smaller than in that from another, and yet 
no difference may be seen to result from their employ- 
ment. For this reason the proj^er study of any water, 
from this point of view, should begin with the establish- 
ment of what may be called its normal mean number 
of bacteria, as well as the character of the prevailing 
species ; and in order to do this the investigations must 
cover a long j)eriod of time through all the seasonal 
variations of weather. From data obtained in this way 
it may Ixi jx)ssible to predict apj)n>ximately the normal 
bacteriological condition of water at any season. Marked 
deviations from thest* " means," cither in the quantity or 
quality of the organisms present, (?an then Ixj considered 
as indicative of the existence of some unusual disturbing 
element, the nature of which should Ix' investigateil. 
Similarly, it is iinpos-sihle to formulate an opinion of 
much value from a single chemical analysis of a water, 
for the results thus obtained indicate onlv the stiite of the 
water at the time the sample was procured, and give no 
indication as to whether it differed at that time from 
its usual condition, or from the normal condition of the 
water throughout the immediate neighborhoml. 

The intiTj)retation of the results of both chemical 
and bacteriological analysis of a sample of water ac- 
quires its full nature only through comj)arison, either 
with "means'' that have Ix'en determiiKnl for this 
water, or with the results of simultaneous analyses of a 
numl>er of samples from the other sources of supply of 
the locality. 

The aid of the bacteriologist is frequently sought in 
connection with investigjitions upon waters that are 
supposed to be concerned in the production of disease, 
particularly ty])hoid fever, either in isolated cases or in 
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widespread epidemic outbreaks, and almost as (ifeu do 
reliable baoteriologldts fail to det^^ct the bacillus timt ix 
the cause of typhoid fever in these waters. 

The faihire bi find the organisms of Ivphoid fever in 
water bv the usual methods of analysis does not bv 
any means proves that they are not present or have not 
been present. The means that an' ordinarily employed in 
the work admit of sueh a very small volume of water 
being used in Uie test that we can readily understand how 
these organisms might be present in mo<Icrate numbcrti 
aud yet none of them Ik* included in the drop or two 
of the wat4T that arc taken for study. The conditinns 
are not those of a aolitiian, itaeh drop of which contains 
exactly an much of the dissolved material as do all 
other drujts of equal volume, but are rather those of a 
sitgpennon in twU drop or vuhirae of which the iiiimlier 
of mspetuled particles are liable to the gn-atest degree 
of \-ariatioi). Furthermore, there are other reastms 
that would, a firiori, preclude our ex{>e('tiiig to find 
the typhoid bacilli in water in which we may have 
reason to Iwlievc they hiul Itecn dejiositol, vir.., atten- 
tion h not usually directwl to the water until tbe 
jiresi'nce of the disease liiis Innimc iituspicuous, usually 
in from three to four weeks alb-r the time when the 
pollution proliably iKfurreil. Three or four wi-eks is 
ordinarily sulficicut lime for the dcitnite, non-resistant 
Inicillui^ of typhoid fever to succmnb lo the unfavorable 
conditions under which it tinii^ itsdf in water. By 
unfavorable (imililious is meant the absence of Miitable 
nutrition ; nnfiivoraWe t«>mppratuiv ; proliably the an- 
tagonistii- intlucnei! of more !t"««*v saprophytic iKu^tcna, 
Itartienlarly the )iohii1I{<1 " "ia," and of mon' 

highly organi/eil water ■chHiii'-;!! 
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precjipitation ; and of great importance, the disinfecting 
action of direct sunlight. 

Though it is so rare as to be almost never, that 
typhoid bacilli arc found in drinking-water, it must, 
nevertheless, not be supposed that bacteriological analy- 
ses of suspicious waters shed no light upon the exist- 
ence of pollution and the suitability or non-suitability 
of the water for drinking purposes. 

In the normal intestinal tract of all human l)eing8, 
and many other mammals, as well as associated with 
the specific disease-producing bacterium in the intes- 
tines of typhoid fever |)atients, is an organism that 
is frecjuently found in polluted drinking-waters, and 
whose presence is proof |M)sitive of pollution by 
either normal or disease<l intestinal contents ; and 
tliough efforts may result in faihire to detect the specific 
bacilhis of typhoid fever, the finding of the other 
organism, the baderiam coli commune, Justifies one 
in expressing the oi)inion that the water under ct^n- 
sideration has been pollute<l by intestinal evacuations 
from either human beings or -animals. Waters so 
locattMl as to be liable to such pollution c^n never be 
considered as other than a continuous sour(*e of danger 
to those using them. 

Another point to be nMiiembercKl is in connection with 
the value of chlorine as indicative of contamination bv 
liunian excrement. It is commonly taught that an 
exc(»ssive amount of chlorine in water points to con- 
tamination bv human excreta. This mav or mav not 
be true according to circumstances. A high propor- 
tion of this substance in a simj)le of water from a 
locality the neighboring waters of which are |K>or in 
chlorine, is un<|U(»stioual)ly a suspicious indii'ation, but 
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in a iliwtrirt clusc t(» this sea or near s;ilt ikjKjaits, lor 
instance, when? the water generallv i^ high in t-hlorine, 
the value a( the indimtiMns thitsnlfbrdoil \s very rauoh 
(liminieheil uulesa the amount fonml in the sample 
nn<lerexaminiition greatly exeeede the normal "mean." 
previously determined, for the amount of chlorine in 
the waters of the neighborhixtd. 

A striking examjile of suili a eoiidition as the latter 
rotinlly 'x-eurreil in ihc ex[)erieni'e "f the writer while 
tnapvi^ting a group of water nuppliei? uu the en^t coast 
of Florida. Id eaeli inrftance the water was obtaiae<l 
from properly proteetwi arteaian wells, ranging from 
200 to 400 teetdeep, and loeate<i within a few hnndrctl 
yards of the sea. The tirst sample that was subjected 
to ehcmiod analysis revi'nled such an nnnsnally high 
proportion of chlorine that, had this sample alone bi<eu 
considered, the opinion that it wiia ]>ollnted hy human 
excreta might have heen advanced. To pn-vcnt such 
an error Hampleii of water from a uuml>er of wells in 
the neighborhi«Hi ivere examine*!, and ihey were all 
found to contain from ten to twelve times the amount 
of chlorine that ordinarily api>ear« in inland waters^ 
the excess being evndently due to leakage through the 
soil into the wells of water from the sea. In short, 
the prescnc*' of an esceas of chlorine in water, while 
often indicating ]>idlution from human evacuations, 
may, nevertheless, sometimes arisi- from other sources, 
hut the presence in water of bacteria normally found 
in the intestinal canal iwn manil(«tly admit of but 
one interpretation, viz., that fW«l matters have 
some time and place Ix-cn de[*i>9it ed in th is water, 
and that while no i?{>cciHe dist 
mav have been detected, 
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pollutions are possible are a constant menace to the 
health of those who use them for domestic pur- 
poses. 

A sudden variation from the normal, mean number 
of bacteria, or from the normal chemical compositioo 
of a water, calls at once for a thorough inspection of the 
supply, while at the same time the characters of the 
organisms present are to be subjected to the most careful 
studv. 

The QiALiTATivE Bacteriological Analysis 
OF Water. — The qualitative bacteriological analysis 
of water entails much labor, as it requires not only that 
all the difterent sjKx^-ies of organism found in the water 
should be isolatinl, but that each representative should 
be subjcH'tod to systonmtic study, and its [pathogenic or 
non-patliogcnic properties determined. 

For this pur]H)se the methods for the isolation of 
individual spiries, which have already l>een described, 
and the means of studying these spi'cies when isolated, 
are indispensable. 

For this analysis certain preciuitions (.essential to 
acHUiraev are alwavs to he ob.servtHl. 

The sanij)le is to be colleetcH^l under the most rigid 
precautions that will exclude organisms from sources 
otlicT than that under consideration. If drawn from a 
spigot, it should never 1h' collect<'d until the water ha*< 
been Howinc: for lif'teen to twentv minutes in a full 
stream. If obtaintnl from a stream or a spring, it 
should be collected, not from the surface, but rather 
i'vinw about one foot beneath the surface. 

It shouM alwavs be collected in vessels which have 
previously been thoroughly freed from all dirt and 
organic jiarticlcs, and then sterilized. And the plates 
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should be made lis quickly a» possible after e(illw4ing 
the sample, 

Where ci run msta noes permit, all water aualyties 
sboiild be made od the spot at wliieli the earuplc is 
taken, a^ it is knowu that during transportation, iiuless 
the samples are kept jMicked in ire, a miiUipti(»tian of 
the organisms TOiitjiinw! in it always occurs. 

For the piir|x>se of qnalitalivc analysis it is ne<«8sary 
that a small portion of the water — one, two, three, live 
drops — should first be employed as the amounts from 
which platos art to l«' made. Jo this way one forms 
some idea as to the approximate number of organisms 
in the wafer, and eau, in conaequeuce, determine the 
umoimt of water necessary to use for each set of plates. 
Duplicate plates are always to be niatle — one set ujwn 
agar-agar, which are tii Ik- kept in the incubator at 
body tem)>ei'ature, and ime set u[)on gelatin, to Im> kept 
at from 1 8" tn 20° C. 

As soon as the colonies have devclo]>ed the plates are 
to be carefnlly ei>mi»aretl and studied. It is to he 
noted if any difference in the apiienramv of the oi^in- 
isms on i-orresitonding plates exisbt, and if so, to what 
is it due? It is to be particularly noteil which plates 
oonlnin the greater number of colonies, those kept at 
the higher or those at the lower temjierature. In tliis 
way the temi>erature l>e8t suited for the growth iif the 
majority of these organisms may he determined. 

.As ft rule, the givater nunilier of colonies app<?ar« 
ujwn the gelatin plates tliat are kept iit 18° to 20° (_"., 
and from this it would sti'm that many of rhc normal 
"iiler Ijiict.-ri]! di> not find the hifrher IcirijMTiiturc so 
liivorul'le III thi-ir devt-lopnicnl as iln the organisms 
not ii«tiir«lly prfxriit in wutii-, piniiculurly the patho- 
gen ii- larit'lic*. 
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Note. — In determining if the organisms found are 
possessed of pathogenic properties, in what way will 
your tests be influenced by this observation ? 

From recent investigations upon this subject it ap- 
pears that the difference in behavior toward heat of 
bacteria present in water may have a very important 
application. Dr. Theobald Smith, of Washington, has 
recently suggested a method by which it is easily pos- 
sible to isolate, from waters in which they are present, 
certain organisms that are of the utmost importance in 
influencing our judgment upon the fitness of the water 
for domestic use. By the addition of small quantities, 
one, two, or three drops of the suspicious water to fer- 
nicutation tubes (see articile on Fermenfeition Tul)e) 
containing bouillon to which 2 per cent, of glucose has 
bcHjn added, and keeping them at the temperature of 
the body, ;57° to 38° C\, the growth of the intestinal 
bacteria that may be present in the water is favored, 
while that of the water organisms is not ; in (K)nsequence, 
after from thirty-six to forty-eight hours the fermenta- 
tion, characteristic of most of these organisms, is evi- 
denced by the accumulation of gas in the closed end of 
the tube. From these tul)es the growing bacteria can then 
be easily isolated, by the plate method, and it will not 
be infrequent to find intestinal bacteria present in pure 
culture. 

Another method for the same object is to cxjUect a 
samj)le of about 100 v.v. of the water to be ti^sted in a 
steriliz(Ml flask, and add to this about 2/3 c.c. of steril- 
ize<l bouillon ol' four times the usual strength. This 
is then placed in the incubator at 87° to 38° C, for 
thirty-six t(» forty-eight hours, after which plates are 
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til U' made from it in thv usual way : the results will 
oflen be a pure eultiiri' of some single organism, either 
one of th(! intestinal variety or a elosely allied Bpecien. 
By a metliotl analn^^ons to the latter the ^piriUiim of 
Asiatit? cholera has lipen isolati;*! from water; and by 
taking advantage of the I'ffei't of devatwi temperature 
upon the Iiacteria of water, Dr. Vanghan, of Michigan, 
has siieweded in i8(>lRtiiig from suRpicioiiij waters a 
group of organisms very closely allied to the bacillus 
of typhoid fever. 

The (iOANTITATIVE KrtTtMATIIIN i}f llAtTKlUA IK 

Water. — Qnantttative analysis requires more can' 
in the measurement of the exuet vohniie of water em- 
ployed, for the resultE are to be expressed in terms of 
the number of individual organi-ims to a definite volume. 
The ueeeasity for niakiug the plates at the place at 
which the sample is coUeetwl is to lie i>articulaply 
aeceutimtod in this analysiii', fur the multiplication of 
the organisms during transit is so great that the results 
of analyses made after the water has been in a vessel 
for a day or two are oflen very different from thone 
that would have Ik-cu obtained on the s[>ot. 



Note. — luoculate a IuIk- containing about ii'u luhic 
eentimetres of steriliw-d distilled nr tap water with ii 
very small quantity of a siilid euitiirt- of .wme one of 
the ot^nisnis with which you lia\i< liceu working, 
taking eare that none of ilif culturi^ medinm i 
diioed into the water-tulK' and that the 
evenly distributed thr">.irli '•< M^L,. ,.1, 
and on each sueeeediiiL^ 
mine by tiuinta whelli' i 
tioii ill the unmlwr -ii ■■i>;uuhi 
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growing or dying. Represent the results graphically, 
and it will be noticed that in many cases there is at 
firsts during the first three or four days, a multiplica- 
tion, afler which there is a rapid diminution ; and, if 
the organism does not form spores, usually complete 
deatli in from ten to twelve days. This is not true for 
all organisms, but does hold for many. 

Where it is not convenient, however, to make the 
analysis on the siK)t, the sample of water should be col- 
lected and i)a(*ked in ice and kept on ice until ready for 
use, which should in all cases l)e as soon after its collec- 
tion as iK>ssibIc. 

For the collei'tiou of water for tliis purpose, a con- 
venient vessel to be emplovcnl is a glass bulb (Fig. 87) 
or balloon, which one soon learns to make for oneself 
from glass tubing. 




(J lam hiilb for collecting Miinples of water. 

It consists simply of a roiuul glass sphere blown on 
the end of :i glass tube, which latter is subsequently 
drawn out into a fine capillary stem and sealed while 
hot. As it cools, the ccmtraction of the air within the 
bull) results ill th<' prcMluctiou of a m^gative pressun*. 
If the j)oint of the stem l>e bi-oken off under water, the 
wat<T is pn'sscnl up into the bulb, Ikm^usc of the exist(»nec» 
of the negative j)ressure within. The negjitive pressure 
obtaincMl in this way is frequently not sufficient to jKTniit 
of the bull) iH'ing completely fille<l, and often only a few 
<lrops of fhiid can \yo obtainixl. To obviate this the 
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\}[i\hn may be blown and allnwed to cool, but not sealed. 
After a sitfiii'ii-nl niii]it>er of them are prepared they are 
taken, one at n lime, aud gently warmed over tlic flame; 
while still \nirm tiie extremity of the st^'Di is dipped 
into distilled water and held there until a few drops 
have jmeaed up into the hnlb; this is then care- 
fully boiled, or rather, compktfly vaporaxd, over the 
flame, and while the steam is still escaping tbe> point ia 
scaled in the ^s flame. All air will have thus beeu 
rcpla(*d by water vapor, and if tlie jioiiit of the stem 
be now bi-okeu off under water the bulb will fill ijuiekly 
Hud completely. It is not dcBirablc to lill them aom~ 
ptctely, bnt rather to only uIh>uI tiiree- fourths of their 
i&[>aeity, as when fuU it i^ difficult to empty them with- 
otrt contaminating the conlentH. They are emptied by 
gently warming over a gas or alcohol flame. 

A iiunibor of them may l>e made, sealed, and kept 
un hand. They are piterile so long as they are sealed, 
I)ei'aiise of the heat that is cniploycfl in their mann- 
(aetiirc. 

When n sample of water is to l>e taken, the point of 
a linlh is simply broken otf with sterilised forceps under 
water at the place from which the sam])le is to be pro- 
cured and held there imtil the ne<'essary amount has lieen 
obtained. This may serve as a .'umple from which to 
prt'pare plates or Esniareh tubes on the sjHit, or the ti]) 
of the stem may lie resealed in the tiame of an alcohol 
lump, the bnllt {loi-kcd in ice, and tmnsportetl in this 
condition to tlie hi)K)mtory, 

Another very simjilc anil nsefid deviw for eoltccting 
water samples is tiiat recommended by KirwOiucr. It 
<'r)ii9ist8 of a piet.-e of glass 1 aMat ^ifalfcpB^ ft or 6 mnt. 
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U^ with either extremity of the arms bent again at 
right angles in the same place and drawn out to a point 
and sealed. Thev are sterilized in the flame as thev 
are made. The sample is collected by breaking off 
both points, immersing one of them into the water and 
sucking on the other until the tube is filled. Then 
both points are again sealed in the flame and the tube 
l>acked in ice. The objec^tion to this tube is the danger 
of contaminating its contents with saliva during the 
act of filling by suction, though this danger is not so 
great as might at first appear, as Ave shall. learn in our 
efforts to cultivate Imirteria from the mouth cavity. 

XoTE. — Make cov(»r-slips from your own mouth ; 
make plates on both gelatin and agar-agar, at the same 
time. Compare the number of bacteria found by 
micros(K)pic examination of the cover-slips with the 
number of colonies that develop on the plates. 

In beginning the ([uantitative analysis of water with 
which one is not acquainted, there are certain prelimi- 
nary steps that are essential. 

It is n<»cessary to know approximately the number of 
organisms contained in any fixed volume, so as to de- 
termine the (piantity of water to l)e employed for the 
plates or tnbes. This is usually done by making pre- 
liminary plates from one drop, two droi)S, 0.25 c.c, 
0.5 r.e., and 1 c.c. of the water. After each plate ha** 
been lalx^lliMl with the amount of water usckI in making 
it, it is })la«Hl aside for devclo|)nient. When this has 
occurred, one selects the plate upon which the colo- 
nies are onlv moderate in number — alK>nt 200 to 300 
colonies presenting — and employs in the subsequent 
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analysis the same amount of wator that \va8 usckI in 
making this plato. 

If the original water i*i>ntainixl so many organisms 
that there develoiHjd on a j)late or tulxi made with one 
(Iroj) too many c*olonies to Ik* (»asily counted, then the 
sample must l)e diluted with one, ten, twenty-five, 
fifty, or one hundre<1 volumes, as the ease may require, 
of stcriliz<»il distilhnl water. This dilution must be 
accurctie, and its exact extent noted, so that subsequently 
tlie number of organisms |>er volume in the original 
water mav Ik» calculated. 

The use of a drop is not sufiiciently a(*curate. The 
<lilution shouhl theivfore always l)e to a degree that 
will admit of tlie employment of a volume of water 
that may Ir» exactly measuiiHl, 0.25, 0.5 c.c. iKMUg the 
am(»unts most c<)nvenient for use. 

Duplicate platt^s should always Im? made and the 
mean of the numlnT of colonie4S that develop u|K)n 
them taken a*^ the bjisis from whicrh to calculate the 
number of orgsmisms per volume in the original water. 

For example : Fn>m a sample of water, 0.25 c.c. is 
added to a tul)e of liquefied gelatin, carefully mixed and 
pourcnl out as a plate. When development <Kx;urs, the 
numlKT of colonies are too numerous to Ih> accuratelv 

• 

count(?<l. One cubic centimetre of the original water is 
then to have added to it, under pn»cautions that pre- 
vent contamination from without, 99 c.c. of st<Tilizwl 
<listilled water — that is, we hav(? now a dilution of 
1 : 100. Agjiin, 0.25 c.c. of this dilution is platcnl and 
we fin<l ISO colonies on the plate. Assuming that wich 
colony develops from an individual bacterium, though 
this is (HThaps not strictly true, we had 180 organisms 
in 0.25 <'.c. of our 1 : KM) dilution, therefore in ^n 
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C.C. of the original water wo had 180 X 100 = 18,000 
bacteria, which will be 72,000 bacteria per cubic centi- 
metre (0.25 == 18,000, 1 c.c. = 18,000 X 4 = 72,000). 
The results are always to be expressed in terms of the 
number of bacteria per cubic centimetre of the original 
water. 

Another |K)int of very great importance (already 
mentioned) is the effect of temperature upon the num- 
ber of colonies of bacteria that will develop on plates 
made from water. It must always be remembered 
that a larger number of colonies appear on gelatin 
plates made from water and kept at 18° to 20° C than 
on agar-agar plates kept in the incubator. The follow- 
ing table, illustrative of this jK)int, gives the results of 
panillel aiiiilyst^s of the same waters, the one series of 
counts having beiMi made upon gelatin platt^s at the 
ordinary tt'niperatun* of the room, the other u|>on 
plates of air«ir-agar kept for the same length of time in 
the incubator at from :i7° to 38° C. It will be st^n 
from the table that much the larger number of cohmies^ 
i. e,, much higher results, are always obtained when 
g(?latin is emjiloyiHl. The im[K)rtance of this )K)int in 
the (juautitativc bacteriological analysis of water is to<> 
apparent to rc(|uire further (comment. 
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TABLE ILLUSTRATING THE PROPORTION BETWEEN THE RE- 
SULTS OBTAINED BY THE USE OF GELATIN AND AGAR-AQAR 
IN (QUANTITATIVE BACTERIOLOGICAL ANALYSIS OF WATER. 
RF-SULTS RECORDED ARE THE NUMBER OF COLONIES THAT 
DEVELOPED FROM THE SAME AMOUNT OF WATER IN EACH 
SERIES.' 

NuMBRR OF Colonies prom Water that dbyblopbd upon— 

(iclatln plates at \iP to 20^ C. Agar-agar plates at VP to 2!iP C. 

310 170 

•280 140 

3101 S180 

340i M60 

€50* J 210 

630$ C32O 

380 » . J2W 

400^ <210 

1000 ) ( luO 

890 S (130 

840) . \280 

370 > '210 

4901^ UIO 

580 » '100 

Throughout this part of the work it is to be lK)rue 
in niind that when one refers to plates it is not to a 
set, iis in the isolation experiments, but to a single 
l)hite. 

Method of Counting the Colonies on Plates. 
— For convenience in counting colonies on plates or in 
tubes, it is custoiuarv to divide the whole area of the 
gelatin ocrupied by colonies into smaller areas, and 
either cH)unt all the (X)lonies in each of thc»se areas and 
add the several sums together for the total ; or to count 
the numlKT of colonies in each of several areas, ten or 
twelve, take the m«in of the results and multiply this 
by the number of art»as containing <»oloniert. 

I I am in<lebted to Dr. James Homer Wright, Thomas Soott Fellow in 
Hygiene (181*2-98). Univendty of PenniylTania, for the results preaeuted in 
this table. 
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]Jy tbie latter methiid, however, tlic reunite vari 
muvh in different wunts iif iks name plate, that I 
uinnot be considereii as more than rough approxini 
tions. 

Note.— I'rcpiirc ii jiliitf ; <'a!fiiIiLtc tln' 
«»Ioni(9i iijion it by this latter method. Now rei>ca^ 
the calculation, making thcuvoragc from another set of 
squares. Now actually count the entire number of 
<«lonieB on the plate, ('ompiire the results. 

For facilitating the counting of (-olnnies several v 
convenient devioes exist. 

Woi.FFHfJaKi.'s CorsTiMi -Vita HAT UK, — This 
paratus (Fig. 88) eonsiste of a flat wooden stand, t 
(«ntre of which is cut ont in sucli a. wav that cither 




Wolff bilge]'* apiwimLUB lui 



black or white glast* phite may (hi placed in it. Th< 
form a luiokgronnd upon which the iK)Ionies may v 
easily lie seen when the plate to be counted is pla 
ii|iiin it. When the j^'latin plate oontainiDg tbeo 
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iiies has l^eeii placed u[)on this baekgroimd of glass, 
it is then covered by a trausparent glass plate which 
swings on a hinge. When this plate is in position, it 
is jnst above the colonies without touching them. This 
plate is ruled in square centimetres and suMivisions. 

The gelatin plate is moved about until it rests under 
the centre of the area occupied by the ruled lines. 

The number of colonies in each square centimetre is 
then counted, and the sum-total of the colonies in all 
these areas gives the numl)er of colonies on the plate. 

Where the (colonics are quite small, as is frequently 
the case, the counting may be rendered easier by the 
us(» of a small hand-lens. 




Lens for counting colonies. 

In Fig. 89 is seen the form of hand-lens commonly 
employed. 

Esmarch's (-orNTEU. — Esmarch has devised a 
counter (Fig. 90) for estimating th<» numl)er of colonies 
present when they are upon a cylindrical surface, as 
when in rolled tul>e8. The principles and methods of 
estimati4>n are j)ractic»lly the same as those given for 
Wolff hug(»l's apparatus. If tluj nunilnT of (Colonics in 
an Ksmarch tul)e is to be determined, a simpler method 
than the use of his apparatus may Ix^ employtKl. It 
consists in dividing the tube by lines into four or six 
longitudinal areas which ta Mivene 
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lines drawn about 1 or 2 cm. apart Tbe Hoes may be 
drawD with pen and ink. They need not be exactly 
tbe same distance apart, nor exactly straight. B^inning 
with one of these squares at one end uf the tiibe, which 




□K Colonii 



may be msirkt-d witli a it<>ss, tbe i\\\^ is twisted witli 
the fingers, alwnys in <mo direi'tion, and the exact 
nnmlier of ('oloiii<-s in ua<']i si|niiiv as it apj>ears in rota- 
tion iis omntcd, I'nn' lM>ing taken not to i^>iint a sqnun> 
more than once ; tlie siiius an' then added together, and 
tbtTi'snIt gives tho nninlier of colouirsin thetiibe. This 
nietliiid may Ih' fiicilitated liy tlie iiw of a hnnd-lcns. 

In all tliese im'thiHls lliei-e is one error that is diffieult 
to eliminate : it is assumtnl that each colony representj* 
the oiitgmwtli fnnn a single oi^nism. This is pmln 
iihly nut always the case, as there may exist cliim^Kii of 
iKicteria which roprcsent Innidrtnlsor even thousands of 
individuals, hut which still give rise to but a single 
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colonv — this is iisiiallv oHtiniaU'd as a single nrpTinism 
iD the water tinder analvsiis. 

Where grounds exist for suspecting the presenee of 
these clumps, thcv may in part be broken up hy shak- 
ing thf original water with sterilized sand. 

What has lieen said for the bactcriologicai examina- 
tion of water holds good for all fluids which are to be 
subjected to this form of analvsis. 

BAcrrERioixxjiCAt. Air Asalyhis, — Quite a num- 
i>er of methods for the bacterioh^ical study of the air 
exist. 

In the main they eonsist either of allowing air to pass 
over solid nutrient media (Koch, Hesse) and obsen'ing 
the colunica which develop upon the media, or of Altering 
the bacteria from the air by means of pontusand liquid 
ijubstances, and studying the organisms thus obtaine*:!. 
{Miguel, Petri, 8trauss, Wurj!, Sedgwick.) 

The former methods have given pla«-e almost entirely 
to the latter for reasons of greater exactness possessed 
hy the latter. 

In some of the methodw which provide for the filtra- 
tion of bacteria from fbe air by nieaiw of liquid sub- 
stances, a measured volume of air is aspirated through 
li(iuefied gelatin ; this is then iidlwl into an Esniarch 
tube, and the nimib«;r of colonies counted, just as was 
done in the water analysis. This is the simplest 
procedure. Xa obje^'tion raistnl against it is that 
oi^nisms may lie lost, and not oome into the calcula- 
tion, by pasiiing through the medium in the ivntre of 
mi air-hubble without being arrested by the fluid — 
an objo'tion that apjM'ars more of s|»c<;ulative than of 
ifftl value. 

The methfMts nf filtrntion through porous siilistiio'i-^ 
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ap|)ear, on the whole, to give tlie best results. Petri 
recommends the aspiration of a measured volume of air 
through glass tubes into which sterilized sand is packed. 
(Fig. 91.) When the aspiration is finished the sand 
is mixed with liquefied gelatin^ plates are made, and 
the number of developing colonies counted, the results 
giving the number of organisms contained in the volume 
of air aspirated through the sand. 



Fig. 91. 




Petri'H apparatus for bacteriological aiialyKis of air. The tube 
packed with sand is seen at the point a. 

The miiin ohjoi'tioii to this method is the possibility 
of mistaking a sand ^nuinlc^ for a colony. This objet*- 
tion has been overcome by Sedgwick, who employs 
jrnmuhitcHl snji;ar instead of the sand ; this, when brought 
into th<» liquefitHl gelatin, dissolves, and no such ern">r 
as that ]>ossible in the Petri method <»an 1h» made. 

SniHiwrcK's Mkthod. — On the whole, the mcthtxl 
pn)]>os(Kl by S<xlgwiek gives such uniform I'csultii that 
it is to Im' re<'ommend(»d alnive 1h<» others. It is as 
follows : 
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Thf iijiiwratiiK euipliiyed hv him consists essentiallv 
uf three jiarte: 

(1) A glaas tube of a special fiirm to which the name 
a'erobioscope has lieeii given. 

(2) A stout Clipper cylinder of about sixU'pn litres 
capacity, provided with a vacuutn-^uge. 

(.1) An air-pump. 




The aer(ibiiis(v|K; (Fig. 92) is Blmnt '^o cm. in ilti 
entire length ; it is 1-5 rui. King and 4.5 cm. iii diametvr 
at its exjianded part ; one end of the exjwnded part is 
narrowwl down to a neck 2,5 cm. in diameter and 2.-'> 
em. long. To the other end ia fused a glass tulx' 15 
em. long and 0.5 cm. inside diameter, in wliich is to be 
placed the filtering material. 

UjKtn this narrow tiilK', 5 cm, from the lower end, a 
mark is made with a file, and iiji to this mark a small 
roll of brass-wire gauze (o) is inserted ; this serves as a 
stop for tlie filtering material whicli is to lie ])laced over 
it. Beneath the gauKo {at b), and also at the lat^ end 
(c), the apparatus is plugged with eottwn. When thor- 
oughly (^leaned, dried, and plugged, the apparatus is to 
be sterilized in the hot-air sterilizer. When cool, tlie 
cotton ping is romnvi-d fnim the laivi' end (o), and 

6ti'rilize<l No. .'lO gniniihi''"' ^ '^ ■■' ■■> 'intil 

it jnst fills the 10 em. ov, 

the wire ganate. This '■•-'■ 'rinj: 

niuteri:tl rnijilnvrd ti. . :i-ria. 
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After pouring in the sugar, the ootton-wool plug is 
replaced, and the tube is again sterilized at 1 20^ C. for 
several hours. 

Taking the air Sample. In order to measure the 
amount of air used, the value of each degree on the 
vacuum-gauge is determined in terms of air by means 
of an air-meter, or by calculation from the known 
capacity of the cylinder. This &ct ascertained, the 
negative prcasure indicated by the needle on exhausting 
the cylinder nhows the volume of air which must pass 
into it in order to fill the vacmum. By means of the 
air-pump one exhausts the cylinder until the needle 
reaches the mark eorresix)nding to the amount of air 
iv<[uirtKl.* 

A Hterilizcd aen)bios<*ope is now to be fixotl in the 
upriglit position and its small end connected by a rubl)er 
tube with a stopcock on the cylinder, or to a glass tulx* 
tightly fixed in the neck of an itspirating l>ottle by 
means of a jjerforattKl rubber stopi)er. The (X)tton plug 
is then reniov(Kl from the upper end of the aerobioscofx?, 
and the desire<l amount of air is Jtspi rated through the 
sugar. Dust parti(;les and bacteria will l^e held back 
by the sugar. During manipulation the cotton plug is 
U^ be protected from contamination. 

When the recjuired amount of air has been aspirateil 
through the sugar the cotton plug is replaced, and by 
gently t;ij)ping the aerobioscojjc while held in an almost 
horizontal positi(»n, the sugar, and with it the bac*teria, 
are brought into the large ]>art (c) of the apparatus. 

I Such H cylirulcr an«I uir-punii) are not ncccssar>'' A pftir of ordlnftiy as- 
pirating; iKjttlcRof known caiiacity gra<liiatc(1 into litres and nractions ibereof 
answer ))erfectly w ell. ( )r one can deterraine hy the weight of water that has 
flowed from the asiiirator. the volume of air that has iMuwed in to take Its 
{ilace. /. '-.. the volume of air that has paired through the aorobioKOfie 
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When all the sugar is thus shaken down into this part 
of the apparatus, about 20 c.c. of liquefied, sterilized 
gelatin is poured in through the opening at the end e, 
the sugar dissolves, and the whole is then rolled on ice, 
just as is done in the preparation of an ordinarj- 
Esmarch tube. 

Flo. m. 




Bent runnel Tor use itilh Mrobkecope. 

The gelatin is most easily jtoiired into the aerobio- 
scope by the use of a small, sterilized, cylindrical funnel 
(Fig. 93), the stem of which is l>ent to an angle of 
about 110° with the long axis of the ImxIv. 

The larger part of the aerobiowope is divided into 
8<]uarcs to facilitate the counting of the colonics. 

By the employment of this apparatus one can make 
thcM.- analyses at any place, and can, without fear of 
contamination, carry the tubes to the hilHinitory, where 
the cultivation j>art of the work iiiiiy Ih- dime. 

Aside from this advantage, the lilter l)eiug*)lubie,only 
the insoluble bm -tor I a an' left imlnthled in the gclntiit. 
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For general use this method is to be preferred to the 
others that have been mentioned. 

Bacteriological Study of the Soil. — Bacterio- 
logical study of the soil may be made by either break- 
ing up small particles of earth in liquefied media and 
making plates directly from this, or by what is per- 
haps a better method, as it gets rid of insoluble parti- 
cles which may give rise to errors : breaking up the soil 
in sterilized water and then making plates immediately 
from tlie water. 

It must be borne in mind that many of the ground 
organisms belong to the anaerobic group, so that in 
these studies this point should be remembered and the 
methods for the cultivation of such organisms practised 
iu conne(;tiou with the ordinarv methods. 



CHAPTER XXA'III. 



There are several ways of determining the gLTmiiidal 
value of chemital Btil)staDoes, the most coniranii being 
to ex)K>se urganismti drk-d iipou bite of silk thread to 
Ihe diHinfectant for difiL-reiit lengths uf time, and then, 
after removing, and eiiret'idly washing the threads in 
water, to pintv them into nutrient intilia at a favorable 
temperatun^, and notiiT if any growth up|H.-ars. If no 
growth results the disinfection is presumably success- 
fid. Anotlierraethu<l is to mix Hnideidturea of bacteria 
with tlie disinfei'tant in varying proportions, and, after 
different inter^^als of time, to determine if disinfection 
is in prcigniis by transferring a [Mirtion of the mixture 
to nutrient media, jnst a^ in the other method of work. 

liy the former process the bits of tlirpud, usually 
about 1 to 2 cm. long, are placed in a dry test-tube pro- 
vide<l with a cotton plug and •.■arefully sterilized, either 
by tlic dry method or in the stt^'am sterilizer, before 
using. They are then immersed in a pure bouillon 
enlture or in a salt Sfilution itniipcnsion of the organism 
upon which t)ie dii'infet^rtant is to bo testcil. I euiy pure 

B in testing a new 

germicide to deMand^^^^^^^HMtt^Da several 
different iiniiiliinti^^^^^^^^^^^^Bfcthri vcge- 
B have 
'Ave to 
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ten minutes they are removed under antiseptic precau- 
tions and carefully separated and spread out upon the 
bottom of a sterilized Petri dish. This is then placed 
either in the incubator at a temperature not exceeding 
38® C. until the excess of fluid has evaporated, or in a 
desiccator over sulphuric acid, calcium chloride, or any 
other drying agent, but they are not left there until 
absdulely dry, only until the excess of moisture has 
disappeared. When sufficiently dry they can then l>e 
employed in the test. This is done by immersing them 
in solutions of the disinfe(*tant of different but known 
strengths for a fixed interval of time, say one or two 
hours, after which they are removed, rinsed off in 
sterilized distil le<l water to rt»move the excess of disin- 
fectant adhering to them, and plactnl into fn^sh, steril- 
ize<l cultiirt' niodia, which is then place<l in the incn- 
hator at troni :)7° to :)S°(\ If after twenty-four, 
forty-oi<rlit, or scvcnty-two liours a growth 0<'curs at or 
al)out tht' l)it of tlircad, and this growth <x>nsists of the 
organism upon which the test was made, nianift»stly 
tliere has heen no disinfeetion ; if no gn»wth oivurs 
after, at most, ninety-six houi^s, it is safe to presume 
that tlie I)aeteria have i>een kilhnl, nnl(^<5 (Hir efforts at 
rinsing otf the excess of disinfectant from the thread 
have not ]>een sneeessfnl, and a small amount of dis- 
infectant is now aetive in preventing development, /. <•., 
is acting as an autiseptie. 

By tile latter process, in which cultun^s or sus|H*n- 
sions of the organisms are mixinl with different but 
known strengths of the disinfe<'tant, a small portion of 
the mixture, usually a loopful or a drop, is transferred 
at the end of a detinite time to the fresh nic<liam which 
is to d(*termine whether the organisms have 1)c<mi kilUnl 
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or not. This is commonly a tube of fluid agar-agar 
wliidi is poured out into a Petri dish, allowed to solidify) 
and placed in the incubator, as iu the other experiment. 

After the minimum strength of disinfectant necessary 
to destroy the vitality of the oi^nisms with which we 
are working has been determined, for any fixed time, it 
then remains for us to decide what is the shortest time 
in whi<rh tliis strength will have the same effect. We 
then work witli a constant dilution of the disinfectant, 
but with different intervals of exposure — one, five, ten 
minutes, etc. — until we have decided not only the 
minimum amount of disinfectant required for the de- 
struetion of the bacteria, but the shortest time neces- 
sary- for this under known couditions. 

A factor not to be lost sight of is the temperature 
under which these experiments are (inducted, for it 
must always be lx>rne in mind that the action of a dis- 
infectant is usually more energetic at a higher than at 
a lower temperature. 

Now in both of these methods it is easy to see that 
uule^s «i)ecial prw'autions are taken a miuute portion of 
tlic disinfectant may be carried along with tlie thread, 
or drop, into the medium which is to determine whether 
the organisms dour do not possess the power t>f growth, 
and Iiere have a restraining or antiseptic action. For 
organisms in their normal condition, that is, those which 
have never I)cen exposal to the action of a disinfectant, 
the amount necessary to rcetnitn growth, forcertain dis- 
infecting agents, is very small indeed, and tor organisms 
that have already been ezpofted for a time to such agents 
this amount i.-^ even much lu». It id pluiti, th'ii, that 
if the te«it is to In- an luwut^jUBEHMMlifiB' must W 
taken against admitting t&P^ <V^^^^Wr didn- 
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fectant to the medium with which we are to determine 
if the bacteria that have been exposed to its action have 
been killed or not. 

The precautions that have hitherto been taken for 
preventing this accident are, where the threads are 
employed, washing in sterilized distilled water and then 
in alcohol ; or, where the fluid cultures were mixed 
with the disinfectant in solution, an effort was usually 
made to dilute the amount of disinfectant carried over, 
to a |X)int at which it loses its inhibiting power. 

While these are sufficient in many cases, they do not 
answer for all. Certain chemicals have the property 
of combining so firmly with the threads ujx>n which the 
bacteria arc located as to require other special means 
of ridding the threads of them ; and in solutions in 
which proteid substancjes arc present along witii the 
bacteria a similar union between them and the disin- 
fectant may likewise take place. In both instances this 
amount of disinfectant adhering to the silk threads or in 
combination with the prot(»ids must be gotten ri<l of, 
otherwise the results of the test may be fallacious. A 
partial solution of the problem comes from studies that 
have been made upon corrosive sublimate in its various 
applications for disinfecting purposes, and in this con- 
nection it has l)ecn shown by Shacfcr ' that it is imjx>s- 
siblc t<» rid silk tlireads of the corrosive sublimate 
adhering to them by simj)lc washing, as the sublimate 
acts as a nionlant and forms a firm union with the 
tissues of the tlireads. Hraatz'- found the same to hold 
fur C4itgut. For example, he found that catgut which 
had been immersed in solutions of sublimate gave the 

1 Shaefer: Berliner klin. Wooh., IHlX), No. 3. p. oO. 

•J Hmatz: f'entr. f. liakt. uiul Paraslleukiinde, \U\. vill. No. 1, p. 8. 
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cLarattcristio i-eactions of the salt aftor haviug Iwen 
immersed iu distilled water, whicJi had been repi-atedly 
renewed, for five weeks. 

He remarks that a similar firm eoDibiDation between 
eiiblimate and eottiin will take plaee after a longer 
time, but it ocenrs so slowly that it cannot interfere 
with disinfection experiments in tlie same way as he 
believes the employment of silk to act. 

The moat auccesefitl attempt at renmving all traces 
of sublimate from the threads or from the proteid siib- 
slanecs in which are located the l)acteria whose vitality 

I are to be tested, is that made by (iepjiert, who subjected 
tliem to tlic action of itnimoniiini sulphide iu solution. 
By this pnwedure the niercnry is converted into in- 
soluble sulphide and does not now have an inhibitiug 
eflect upon the growtii of those liacteria that may not 
have sucx'umbed to it.s action when in tlie ibnu of 
sublimate. 

Iu the second method of testing disinfedauts, men- 
tioned above — that is, when cultun.'s of bacteria aud solu- 
tions of the disinfectant are mixed, and after a time 
a drop of the mixture is removed and added to sU-rilo 
nutrient metlia, the Inhibiting amount of disinfectant 
3 readily be gotten rid of by dilution, that is to say, 

' instead of transiwrting the dro|j directly to the fn-eli 



medium, add it to )< 

tion (O.lJ-0.7 jier cent, of NaCI 

difltillet) wator, and after tlior-n 

, drop of thin i-i 

I dcvcIopNicnt i.r 
Another ioip' 

[ tcHtinf: 'li-iiiti'i I ii , 

I rtmditiiin- Hi. 1 ' i<hii>: 
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posed to the action of the agent used. Where clumps 
of bacteria exist we are not always assured of this, for 
only those on the sur&oe of the clump 
^"l^ may be affected, while those in the 

centre of the mass may entirely escape, 
being protected by those surrounding 
them. Theseclumpsand minute Diasaes 
are especially liable to be present in 
fluid oultures and in suspensioiiB of 
the Itacteria, and must be eliminated 
before the test is begun, if it is to be 
made by mixing them with solutions 
of the i^nt to be tested. This is 
best atnomplished in the following 
way: The oi^iiisnis should l>e culti- 
vated ill bouillon i>oataiuing sund 
or finely divided particles of glass; 
after growing (or a siifficicnt leugtJi of 
time they arc then to be i^haken tlior- 
niighly, in order that all clumps may 
Ih- mochaniL'allY broken up by the Hind. 
T)ic culture is then filtenxl through a 
tube <-outuiuiug chwcly packed gla.ss 
wool. 

The flitrution may be aa-oniplialicd 
without fear of rtmtamiuution of the 
<'ultuiv l)y the eni])loynicnt of an 

,"'""';' Alliliiu tui)e, which ia practicallv noth- 
ing cui- , ' ■ I 1 ' 
ich iiiB- ing more tiian a thitrk-wallcd test-tulM' 
' '"'* drawn out to a finer tube at its blunt 
cud so as to ctmvcrf it into a sort of 
rulrii'al fiiuucl. The tul)e when fiuiiihed and ready 
use has the appearance given in Fig. 94. 



^ 
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The whole tube, aft«r being plugged at the bottom 
of its wide part with glass wool and at its wide open 
extremity with txjtton wool. Is placed vertically, small 
end down, JDto an Erlcnmeycr flask of about 100 c.c. 
capacity and sterilized in a steam sterilizer for the 
proper time. It is kept in the covered sterilizer until 
it b to Ih! used, which should be as soon as possible 
after sterilization. 

The watery sii8i>ensiun or bouillon culture of the 
oiganisms is now to Iks filtcretl repeatedly through the 
glass wool into sterilized Hask» until a degree of trans- 
parency is reachetl which will permit the reading of 
moderately fine print thniugh a layer nf the fluid of 
about 2 cm. thick, i.e., through an ordinary teel-tul)e 
full of it. It can then lie subjected to the action of 
the disinfectant, and, as a rule, the residts are far more 
uniform than when no attention is paid to the exist- 
cnoe of clumps. It is hardly necessary to say that in 
the practical employment of disinfetitatits oubtide the 
laboratory- no such precautious are taken, but in lab- 
oratory work, where it is desirable to determine exae/ly 
the value of different su!>slances as germicides, all the 
prei'autions that have been mentioned will be found 
essential to success. 

In determining the germicidal value nf different 
ehomical agents upon certain pathogenic bacteria, sni*- 
ueptible animals arc sometimes inoculated with the 
organisms after they have been exposed to the disinfec- 
tant. If no pathological condition r 
presumed to have Ikvu siuccessful, v 
charact^'ristic of the activiiiii- of tl 
the tissues of this aniuiiit 
The objections to thif- ■ 
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are: ^^Mrd. The test organisms may be modified as 
regards reproductive activity without being killed ; and 
in this case a modified form of the disease may result 
from the inoculation^ of so mild a character as to escape 
observation. Second. An animal that has suffered 
this modified form of the disease enjoys protection, 
more or less perfect, from future attacks, and if used 
for a subsequent experiment may, by its immunity from 
the effects of the pathogenic test organism, give rise to 
the mistaken assumption that this had been destroyed 
by the action of the germicidal agent to which it had 
been subjected/' (Sternl>erg.) 

DETERMINATION OF ANTISEPTIC PROPERTIES. 

In this test sterile media are employed and are usually 
arranged in two groups : the one to nmiain normal in 
comi)osition and to serve as controls, while to the other 
is to ho added the substance to l)c tested in different but 
known strengths. It is customary to employ test-tubes 
each containing an exact amount of lK)uill(>n, gelatin, 
or agar-jigar, as the (^se may l>e. To each tube a 
definite amount of the antiseptic is addeil, and if it is 
not of a vohitilo nature or not injureil by heat, they 
mav tlieii l)e storiliztHl. After this thev are to l)e in- 
(K'lilated with the organism u|K>n which the test is to 
1^ mjide, and at the same time one of the *' control" 
tubers (one of those to which no antiseptic has l)een 
added) is InocuhitiHl. Tliev are all then to Ik* placinl 
in the incubator and kept under observation. If at the 
end of twenty-four, forty-CMght, or sc»venty-two hours 
no growth a])pears in any but the " contn)l " tulx^s, it 
is evident that the antiseptic must be added in snuiller 
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amounts, for we are to determine the point at which it 
is not as well as that at which it is capable of prevent- 
ing development. The experiment is then repeated, 
using smaller amounts of the antiseptic until we reach 
a |x>int at which growth just occurs notwithstanding 
the presence of the antiseptic, and its antiseptic strength 
falls a trifle above the amount present in this tube. 
If, for example, there was development in the tubes in 
which the antiseptic was present in the proportion of 
1:1000 and no growth in the one in which it was 
present in 1:1400, the experiment would be repeated 
with strength of the antiseptic corresponding to 1:1000, 
1:1100, 1:1200, 1:1300, 1:1400, and in this way one 
gradually strikes the jwint at which growth \%ju8l pre- 
vented. This point represents the antiseptic value of 
the substance used for the organism upon which it has 
been tested. 

EXPERIMENTS. 

Into each of three tubes containing 10 c.c. — one of 
normal salt solution, another of bouillon, a thirtl of 
fluid blood-serum — add as much of a culture of the 
staphylococcus pyogenes aureus as can l)e held ujK)n 
the looped platinum needle. Mix this thoroughly, so 
that no clumps exist, and then add exactly 10 c.c. of 
1:500 solution of corrosive sublimate. Mix it thor- 
oughly, and at the end of three minutes tmnsfer a drop 
from each tulx? into a tube of liquefied agar-agar, and 
pour this into a Petri dish, \a\w\ each dish carefully 
and pla(« them in the incubator. Arc the results the 
same in all the plaU^s? How arc tin* (litforciuvs to \w 
explained? To what strength of the disinfectant wen* 
the organisms cxi)osc<l in the cx|KTinicnt? 
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Into each of two tubes containing 10 c.c. — ^the one 
of normal salt solution^ the other of bouillon — add as 
much of a spore-containing culture of anthrax bacilli 
as can be held u{K)n the loop of the platinum wire. 
Mix this thoroughly so that no clumps exist, and then 
add exactly 10 c.c. of a 1:500 solution of corrosive 
sublimate. Mix thoroughly and at the end of five 
minutes transfer a drop from each tube into a tube of 
liquefied agar-agar. Pour this immediately into a 
Petri dish. Tjabel each dish carefully and place them 
in tlm incubator. Note the results at the end of twen- 
ty-four, forty-eight, and seventy-two hours. How do 
you explain them? 

Make identiciilly the same exi)eriment with the same 
«[>ore-(X)ntainin^ <*iiltui*e of anthrax bacilli, except that 
the drop from the mixture is to l>o transferred to 10 c.c. 
of a mixture of cfjual parts of ammonium sulphide and 
stcrilizi^d distilled water. After n^maiuing in this for 
alK)ut half a minute, a drop is to \ye transferred to a 
tulx* of li(inofioil ag:ir-agar, [K)nrod into Petri dishes, 
labelled, and phu?c in the incuibator. Note the results. 
Do they corr(*s[>ond with those obtaintnl in the jirec^eding 
experiment? How are the differem*es explained ? 

Prepare a 1:1(KM) solution of corrosive sublimate. 
To each of twelve tubes containing exactly 10 c.c. of 
l>ouillon add : one drop to the first, two drops to the 
siK'oiid, and so on until the last tube has had twelve 
dn)ps addtnl to it. Mix thoroughly and then inotnilate 
each with' one wire-loopful of a lx>uillon culture of 
9taphyloco(*cus pyogenes aureus. Place them all in the 
incubator after carefully lal>elling them. Note the 
order in which growth appears. 
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Do the same with anthrax spores, with spores of 
bdciUvs subtiliSy and with the typhoid bacillus^ and see 
how the results compare. From these experiments what 
will be the strength of corrosive sublimate necessary to 
act as an antiseptic under these conditions for the organ- 
isms employed? 

Make a similar series of experiments, using a five 
j)er cent, solution of carbolic acid. 

Determine the antiseptic point of the common dis- 
infectants for the organisms with which you are working. 

Determine the time necessary for the destruction of 
the organisms with which you are working, by corro- 
sive sublimate in 1 :1000 solution, under different con- 
ditions — with and without the presence of albuminous 
bodies other than the bacteria, and under varying condi- 
tions of temperature. 

In making these experiments be careful to guard 
against the introduction of enough sublimate into the 
agar-agar from whi(jh the Petri plate is to be made to 
inhibit the growth of the organisms which may not 
have been destroyed by the sublimate. This mav he 
done by transferring two drops from the mixture of 
sublimate and organisms into not less than 10 c.c. of 
sterilized salt solution in which they may be thoroughly 
shaken for from one to two minutes, or into the solu- 
tion of ammonium sulphide of the strength given. 

To 10 c.c. of a bouillon culture of staphykn^occus 
pyogenes aureus, or anthrax s|X)res, add 10 c.c. of cor- 
rosive sublimate in 1 :500 solution, and allow '* *" 
main in contact with the organisms (or only* 

time necessary to destroy them ' 

20* 
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wliich this has l)een determined). Then transfer a dro]) 
of the mixture to each of three liquefied agar-agar 
tubes and pour tliem into Petri dishes. Place them 
in the incubator and observe them for twentv-four, 
forty-eight, and seventy-two hours. No growth occurs. 
How is this to be accounted for? 

At the end of seventy-two hours inoculate all of 
those plates with a culture of the same organism which 
has not been exposed to sublimate, by taking up bits of 
the (uilturc on the needle and drawing it across the 
phitos. A growth now results. We have here an ex- 
poriinout in whic^h organisms which have been exposed 
to sublimate for a much shorter time than necessarv to 
destroy thoni, when transferred directly to a fav^orable 
eiiltiire niedinni do not grow, and yet, when the same 
or^misin which has not l)een cxposeil to sublimate is 
planted upon the sunu^ medium it does grow. How is 
this to \)v accounted for? 

Shin-flisinfecfion. — With a sterilized knife sera|K' 
tVoni the skin of the hands, at the r(K)t of the nails and 
under the nails, small particles of epidermis. Pn»i)are 
plates from them. Note the results. 

Wash the hands carefully for ten minutes in hot 
water and scrub tluMu during this time with soap and a 
sterili/(Hl brush. I^inse them in hot water. Again 
prepjm* plates from scrapings of the skin on the fingers, 
at the root of the nails, and under the nails. Note the 
results. 

A^ain, wash as l>efore in hot water with soap and 
brush, rinse* in hot water, then soak the hands for five 
minutes in I : I (MM) corrosiye sublimate solution, and^as 
lM'ror(\ prepare plat(\s from scrapings from the same 
l(K'alities. Note the results. 
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Repeat this latter procedure in exactly the same way, 
but before taking the scrapiogs let someone pour am- 
moniutu sulphide over the pointe from which the scrap- 
ings are to be made. AfWr it has been on the hands 
about three minutes again scrape and note the results 
upon plates made from the scrapings. 

Wash as before in hot ^vater and soap, rinse in clean 
hot water, immerse for a minute or two in alcohol, after 
this in 1 : 1000 sublimate solution, and finally in am- 
monium sulphide, and then prepare plates from scrapings 
from the points mentioned. 

In what way do the results of these exj>eriment& 
differ one from another ? 

To what are these differences due? 

What have these experiments tauglit? 

In making the above experiments it must be remem- 
bered that the strictest care is necessary in order to pre- 
vent the access of germs from without into our media. 
The hand upon which the experiment is being per- 
formed must be held away from the body and must not 
touch any object notconcemed in the exiieriment. The 
scraping should be done with the point of a knife that 
has been sterilized in the flame and allowe*! to cool 
The scrapings may be transferred directly from the 
knife-point to the gelatin by means of a sterilized 
platinum wire loop. 

The brush used should Ik thoroughly cleansed and 
always kept in 1 : 1000 solution of corrosive stibliniate. 
It should be washed in hot water iK^fore using. 
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List of apparatus and materials reqiiirwl in u \.>e- 
ginner's bacteriological laboratory : 



MICROSCOPE AND ACX'JSWORI&S. 

Microscope with coarse and tiue adjustment and 
heavy, firm base ; Abbe sub-stage condensing system, 
arranged either an the " simple " or as the regidar Abbe 
condenser, in either case to l>e provided with iris dia- 
phragm ; objectives equivalent, in the English nomen- 
clature, to about one-fourth inch, and one-sixth inch 
dry, and one-twelfth inch oil-immcrsi(tn system ; a 
triple, revolving nose-piece ; three oculars, varying in 
magnifying power; and a bottle of immersion oil. 

(ilaas slides, English shape and size and of colorU-ss 
glass. 

Six slides with deprcs.sions in centn- of alK>ut (> to 8 
mm. in diameter. 

Cover-slips, M by 15 mm. sfjuare and from 0,1.5 to 
U.18 mm. thick. 

Forceps. ( )ne pair of li[ic.|i,iitilrd Inn-,],- mul one 
pair of llic Cornet puttern, for holding lovi-i ->lip», 

Platinum ntH.'ilie<4 in glass i^m^^^^nj^gji^l^of 
about 4 i-ni. loug; 
4 cm. long; aad_j 
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Gla88 liaudleH to I)e of about 3 mm. thickness and from 
16 to 17 cm. long. 

STAINING AN!) MOUNTING REAOENTK. 

200 c.c. of satiirat(Kl alcoholic solution of fuchsin. 

200 c.c. of saturated alcoholic solution of gentian 
violet. 

200 c.(;. of saturated alcoholic solution of inethvlcne- 
blue. 

200 grammes of pure aniline. 

200 grammes of C\ P. carbolic acid. 

500 grammes of i\ P. nitric acid. 

500 gninmies of C. P. sulphuric ac»id. 

200 grammes of (\ P. ghu'iul acetic acid. 

1 litre of onlinjiry 93-95 por cent, alcohol. 

1 litre of absolute ah'ohol. 

5(M) grammes of ether. 

500 pnuumes of purt^ xylol. 

50 grammes of (-anada balsam dissolved in xylol. 

10<) gninimes of Sehering's (rlloidin. 

10 grammes of i(Hline and 30 grammes of ioilide of 
|H)tassium in substamv. 

100 grammes of tannic acid. 

100 grammes of ferrous sulphate. 

DistilK^l water. 

K(»U NITRIKNT MEDIA. 

1 ]>ound Ijiebig's or Armour's lMM»f extract. 
250 gnunmes Wittc's jH'ptoue. 

2 kilognimm(?s of gold lalK'l gelatin (Hi»stel)erg's). 
loo grammes of agar-agar in substanw. 
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200 grammes of sodium chloride (ordinary table 
salt). 

500 grammes of pure glycerin. 

50 grammes of pure glucose. 

50 grammes of pure lactose. 

100 grammes of caustic potash. 

200 c.c. of litmus tincture. 

10 grammes of rosolic acid (corallin). 

Blue and red litmus pajxjr; curcuma paper. 

5 grammes of phenolphthalein in substance. 
Filter paper, the quality ordinarily used by druggists. 
100 grammes of pyrogallic acid. 

1 kilogramme of C. P. granulated zinc. 

GLASSWARE. 

200 best quality test-tubes, slightly heavier than 
those sold for chemical work, of about 12 to 13 cm. 
long and 12 to 14 mm. inside diameter. 

15 Petri double dishes of about 8 or 9 cm. in diam- 
eter and from 1 to 1.5 cm. deep. 

(> Florence flasks, Bohemiam glass, 1000 c.c. capacity. 

6 Florence flasks, Bohemian glass, 500 c.c. capacity. 
12 Erlenmeyer flasks, Bohemian glass, 100 c.c. 

capacity. 

1 graduated measuring cylinder, 1000 c.c. capacity. 

1 graduated measuring cylinder, 100 c.c. (Opacity. 

25 bottles, 125 c.c. capacity, narrow necks, with 
ground glass stoppers. 

25 bottles, 125 c.c. capacity, wide months, with ground 
glass stoppers. 

1 anatomical or preserving jar, with tij^htly fitting 
cover, of about 4 litres ca[)acity, f<»r collectinir 1>1<xk1- 
seruni. 
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2 battery jars of about 2 litres capacity, provided 
with loosely fitting, weighted, wire-net covers, for mice. 

10 feet of soft glass tubing, 2 or 3 mm. inside diameter. 

20 feet of soft glass tubing, 4 mm. inside diameter. 

6 glass rods, 18 to 20 cm. long and 3 or 4 mm. in 
diameter. 

(i pipettes of 1 (;.c. each, divided into tenths. 

2 pi|wttes of 10 c.c. each, divided into cubic wnti- 
metres and fractions. 

1 burette of 50 c.c. cajxacity, divided into cubic centi- 
metres and fractions. 

1 seimrating funnel of 750 c.c. capacity, for filling 
tubes. 

2 glass funnels, l)est ({ualitv, about 15 cm. in diam- 
eter. 

2 jrlass funnels, In'st <jnality, alxHit 8 cm. in diameter. 
2 glass funnels, In'st (juality, alH)ut 4 or 5 cm. in 
diameter. 

J) onliunrv water tumblers for holding test-tubes. 
1 ruled plate for i'ouiiting eolcmies. 

1 gjis generator, <)00 e.e. ejipaeity, jmttern of Kipp or 
v. Wart ha. 

lUKNKKS, Tl'HINC;, ETC. 

2 Huusen burners, siugh* flame. 
1 Kose burner. 

1 Koeli safety burner, single flame. 
\\ leet of white rublnT gji.s-tubiug. 
12 \vi'\ <»ii)ure, red rublKTtubingof 5 to (J mm. inside 
diameter. 

1 th<*rmo regulator, pattern of L. Meyer or Keiehert. 

2 thermometers, gra<luate<l in degn^^s C'cntigrade 
registering from 0^ to 100^, graduated on the stem. 
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1 thermometer graduated in tenths and registering 
from 0* to 50° C. 

1 thermometer registering to 200° C 

INSTRUMENTS, ETC. 

1 microtome, jmttern of Schanze, with knife. 

1 razor strop. 

6 cheap quality scalpels, assorted sizes. 

2 pair heavy dissecting forceps. 

1 pair medium-size straight scissors. 
1 pair small-size straight scissors. 

1 hypodermatic syringe that will stand steam steril- 
ization. 

2 teasing needles. 

1 pair long-handled crucible tongs for holding mice. 

1 wire mouse-holder. 

2 small pine boards on which to tack animals for 
autopsy. 

2 covered stone jars for disinfectants and for receiv- 
ing infected materials. 

INCUBATORS AND STERILIZERS. 

1 incubator, simple sijuare form, either entirely of 
copper or of galvanized iron with copper bottom. 

1 medium-size hot-air sterilizer with double walls,, 
iisbestos jacket, and movable false lx)tt()ni of copi)er 
plates. 

1 medium size steam sterilizer ; either the pattern 
of Koc;h or that known as the Arn<»l(l steam sterilizer 
preferably the latter. 
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MISCELLANEOUS. 

1 [)air of balances, cai>a(^ity 1 kilogramme ; accurate 
to 0.2 gramme. 

1 set of cork borers. 
1 liand-leDs. 

1 wooden filter-stand. 

2 in)n stands with rings and clamps. 

3 round, galvanized iron wire baskets to fit loosely 
into steam sterilizer. 

3 square, galvanized iron wire baskets to fit loosely 
into hot-air sterilizer. 

1 sheet-iron box for sterilizing pii)ettes, etc. 

1 covered agate-ware saucei>an, 1200 c.c. capacity. 

2 iron tripods. 

1 van! of inodemtelv heavv wire irauze. 

2 test-tube racks, each holding 24 tulxjs, 12 in a row. 

1 constaut-lovel, cjist-iron water-bath. 

2 |)<)tato knives. 

2 test-tube brushes with retnl handles. 

(V>tton batting. 

Copper wire, winvnippers. 

Hound and trianguhir fiK\s. 

LalH'ls. 

Towels and sponges. 
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4 BSCE8SES, microscopic study 
R of mUiary, 223-225 
Aerobic bacteria, 33 
Aerobioscope, 438 
Agar-agar, 80-83 

clarification of, 81, 82 
filtration of, 82 
peculiarities of, 71, 72 
Air, bacteriological analysis of, 
436-441 
methods used in, 436-441 
method of Petri, 437 
of Sedgwick, 438 
Anaerobic bacteria, methods of 
cultivating, 174-180 
method of Buchner, 176 
Esmarch, 179 
Frankel, 176-179 
Hesse. 174, 175 
Kitasato and AVeil, 179 
Koch, 174 
Liborius, 175 
Aniline dyes as differential aids, 

170 
Animals, fluctuations in weight ; 
and temperature, 197-2^3 * 
inoculation of, 185-196 
intra-ocular, 195-196 
intra- peritoneal and 

pleural, 193-195 
intra-vascular, 188-193 
subcutaneous, 185-188 
observation of, after inocula- 
tion, 196 
post-mortem examination of, 
204-208 
cultures from tissues at, 

206, 207 
disinfection of imple- 
ments after, 208 
disposal of remains, 208 
external inspection at, 
204 



Animab, post mortem examina- 
tion of, the incision 
through the skin, 204 
opening the cavities, 

205,206 
position of animal, 204 
precautions during, 204- 
206 
Anthrax, 357-369 

bacillus of, 357-365 
biology of, 358-365 
experiments with, 365- 

369 
location of, in tissues, 

363, 364 
morphology of, 357, 358 
results of inoculations 

with, 363-365 
spore formation in, 358- 

360 
staining of, 362, 363 
susceptibility of animals 
to, 365 
nature of, 357 
Antiseptics, 67, 449, 450 

experiments with, 451, 452, 

453 
method of testing, 449, 450 
Apparatus for air analysis, Petri's, 
437 
Sedgwick's, 438 
for counting colonies, 434, 435 
fSmarch's, 435 
WolflThiigel's, 434 
needed in beginner's labora- 
torv, 457-462 
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ACILLI, 38 
differentiation from spores, 40 
flagella < 
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Bacilli, motility of, 45 

multiplication of^ 42-43 

spore formation m, 38, 39 
Bacillus anthracis, 857-355 

coli commoDis, 304-312 

"comma," 313-324 

diphtheriffi, 279-294 

Fmkler-Prior, 340-345 

lepne, 265, 266 

mallei, 271-274 

Neapolitanus, 304-312 

nitrifying, 371 

(pdematis maligni, 383 

of smegma, 265. 266 

of symptomatic anthrax, 388 

of syphilis, 265, 266 

pyocvanuH, 232-236 

subtilis, 215 

tetani, 376 

tuberculosis, 259-264 

typhi abdominalis, 295-304 
Bacteria, anaerobic species, 33, 
174-180 

ciipsiilc surrounding, 136 

chLssiti cation of, morphologi- 
cal, -iO 

constant characteriHtics of, 39 

definition of, 27 

discovery of, 13-15 

examination of, on cover- 
slii>tsl62,163 

fhigellatetl forms, 45, 46 

isolation of, in pure culture,68 
principles involved, 68- 
71 

inicrosctipic examinatiim of, 
160-H>5 

morphology of, 36-40 

motility of, 45, 46 

multiplication of, 36 45 

nutrition of, 30-.V> 

|M)ints to he observed in de- 
scribing, 182-1J<4 

reactions produce<l bv grow- 
ing, 161) 

relation to temperature, 34, 
•I — • 

results of their growth, 29, 30 
role in Nature, '11 -'M) 
siM^re formation in, 42-44 
staining reactions of, 171 



Bacteria, systematic study o£, 159 
Bacteriology, application of the 

methods of, 209 
Bacterium ooli commune, 304- 
312 
cultural peculiarities of, 306> 

309 
differentiation from b. typhi 

abdominalis, 309 
morphology of, 306 
results of inoculation with, 

309-312 
where found, 304, 305 
Behring and Kitasato, work on 

immunity, 409 
Billroth, 24 
Birch-Uirschfeld, 22 
Black leg (see Symptomatic an- 
thrax). 
Blood-serimi, as culture medium, 
86-92 
collection of, bv Nuttall's 

method, 90-92' 
germicidal pmiwrlies of. 
404 
active principles to which 
are due the, 408, 409 
earlier observations on, 
405-407 
Lolller's mixture, 96 
preparation of, 86-88 
preservation of, 90 
solidification of, 89, 90 
sterilization of, 8S 
l^lton*8 method for the prepara- 
tion of potatoes, 85 
Booker 8 modification of Rsman*h 

metliod, 108, 109 
lionnet, 20 
liottlcs for staining solutions, 

131 
lk)uillon, 73-76 

neutralization of, 73-75 
Bread and potatoes, exposed to 

air, 209 
Brooding oven, 111-113 
Hn)wnian motion, 165 
Bulb for water samples, 428 
Hunlon-Simders4m, 25 
Humer, Koch's safety, 113 
rose or cn^wn, 59 
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/CHLOROPHYLL, 27 | H ECOLORlZINCi mla- ^^^| 


\J Cholera Asialira, diagnosis 


L' lions, 143 ^^H 


of, bv bacteriological 


Decomposition, 27-2fl, 370, 371 ^^^M 


nieaoB; 32Z 334-339 

method of SdiotteliuB, 322 




cultural pecnliorities of, 283- ^^H 


of Koch, 334-339 


^^H 




location in Uie tUsues, 2Sg ^^H 


elmracleriBtics of, 314-324 


method of obtuniog, 2T9-2S1 ^^H 


morpiologica], 314 




291-293 ^^H 


experiments upon animtils 


morphology of, 281-283 ^^^H 


with, 324-327 




general considerationB upon. 


poison produced by, 391 ^^^^| 
Diplococd, 38 ^^H 


behnvior in butler, 332 


in milk, 331 


animals us test ohjects In ei- ^^^H 


io »oil, 330 


periments with, 449, 4o0 ^^^^1 


dealing in the dead bndv, 


330-333 


methods of testing, 443-450 ^^^H 


effect of diyinp. 332, 333 


precautions to be taken in ^^^^^| 


eiistence ontside the body, 


testing. 445-449 ^^H 


328 


use of, in the lubornlory, 6&, ^^^M 


lifein water, 328,329 


^^M 


location in the body, 327 
relation to gases, 333 


Uisintt^tion. general remarks ^^^H 
upon, 47 ^^^^1 


to other bacteria, 332 




to putrefaction, 330, 331, 


upon, 03 ^^m 




Io (ninlisht, 330 




poison produced by, 323 


miidm operandi of, 62 ^^^^1 


( ^)Ln, 20. 21 




Colon bacillus {let Baclerium 


^^M 


colioommunel. 


selection of agent to he ii<etl ^^^H 


Colonies, oounting of, 433 


^^M 


study of, 119-121 


Dunhum's solntion, 93 ^^^H 


Comma bacillus («« Cholera 


^^H 


Asiatica). 




fV«ling stage and levelling tri- 


rKYtJIFELAS, 230 ^^H 
Vi Rsmarch'stuUs, 107 ^^^H 


pod, 104 


Cover-alipx, draining of, 12A 


Booker'- >netho<l of roll- ^^H 


iinpreemon preparations <riili, 


ing. 108, 109 ^^H 


ofngor-agar, 109 ^^^^B 


preparation of, for micro- 


Ki|H»iire nnd c-inlact «xperl- ^^^^1 


s^ic eiaminatlon, 13«- 

Cnltunn, eela^n, 123, UiS, im 
hingfngdr^p, 104-188 


mc!nl<s 211 ^^H 


,^„„^_,, ^^H 


F^3HHBSI^L!l".^^| 


potato, 1«9 


pure. 121 




reootiousof. 1 (IP. 170 




sUb and smear. ISl-lSS^I^^^^^B ^^^H 
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Fermentation-tube, 172 
Filters, method of folding, 77, 78 
Finkler-Prior bacillus, 340-345 
Flagella, staining of, 139-142 
Flagellated organismf^ 45 
Funnel for filling aerobioscope, 
440 
test-tubes, 99 
for filtering cultures, 447 



GAS-PRESSURE regulator, 
117 
Gelatin, 76-80 

cultures in, 168 

their characteristics, 168, 
169 
Glanders, pathological manifesta- 
tions of, 269-271 
bacillus of, 271-274 

inoculation with, 274 
staining of, in tissues, 
275-277 
diagnosis of, bv use of mal- 
lein, 277 
!)V meth(Kl of Strauss, 
'277 
susceptibility of animals to, 
278, 274 ' 
(lonococt'us, 219 
Gonorrhu'a, pus from, 211) 
Gn*en-piLs bacillus, 232 
(luarniari's agar-gflatin, iM> 



HALSTKl), 104 and 222 i 

llanging-drop prt'paratinns, I 
ir)3-10r) I 

llenle, 17 i 

IloHinann, 19 I 

Hydrogen, test for purity of, 17S 
Ilvpodennatic svriuiros and ntv- j 
dU's, 190-192" ' 



lMBKI>I>lN(i of tissues, 147, 
1 148 
Iininuuity, 401-417 

acijuired, 401 

eonrlusions coucerning, 41(>, 
417 



Immunity, hypotheses in ex- 
planation of, 401-415 
exhaustion, 403 
of Buchner, 410 
value of, 415 
of Metchnikofi^, 403, 404 
criticism of, 404, 405 
retention, 401 
natural, 401 
studies upon the blood in 

relation to, 404-410 
work of Behring and Kita- 
sato on, 409 
of G. and F. Klemperer 
on, 412 
Incubators, 111-113 
Indol, production of, bv bacteria, 
180 
tests for, 181, 182 
Infection, 395-400 

chemical nature of, 399 
conclusions concerning, 400 
iwhIuh ojifrmuli of, 398, 399 
lK)isons presi-nt in certain 
forms of, 400 
Inoculation of animals, ISo-lVH) 
intra-ocular, 195, 19*> 
intra-peritoneal and pleural. 

193-195 
intra-va.s<'ular, 188-193 
sulx'UtaniK)US, 185-188 



KLERS 22, 23 
Klemperer, V. and (i., their 
work on pneumonia, 412 
Kocli, 2r>, 2(>, 55, ()8, 73, 106, 113, 
135, 210, 24(), 259, 313, 325, 332, 
;W5, 337, 339, 345, 383, 384 



I ACTOSE LlTMl'S agar-apir 
1 J or gelatin, 95 
Leeuwenhoek's discoveries, 13-15 
Lens for counting colonies, 434 
Levelling tripcnl, 103 
Lepra bacillus, staining jH»culiari- 

ties of, 2'M, 2»U» 
Litnius-rnilk, 92 
L')tHer's blood-serum, IXJ 
stain for flagella, 139 
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UALIGNANT tnlema, bauUuB | Milk, 92 ^^^| 


Jll of, 3B3-388 


-agar, 93 ^^H 


biologr of, 3S6, 386 


Mouse-holder, 187 ^^H 




pathogenesis of, 386-388 




tHMceptibilit)' of animals to, 


VTAEGELl, 31 ^^H 


Mallein, 277 


Nitrilicalion, 371 ^^H 


Meat infbaion, 90 


NitriMng htcteria, 371-375 ^^H 


Media, 73-M 




agar-agur, 80-83 


375 ^^H 


liltniiion of, 82 


peculiarities of, 372, 373 ^^^H 


Wood-sertim, 86-»2 


NitnW 182 ^^H 


LoHler-B mixture, 96 


Nitro-monas, 3T2 ^^M 


Nuttatl'B method, 90 


Normal solution, 176 ^^H 


bouUlon, 73-76 


Nuttall, UU, 135, 20T, 404 ^^H 


neutralUation of, 73-75 




Dunham's penlone so hi lion, 




93 


i|IMMMEBSIONt.vsicm,»teps ^^1 
U in uaing, 162 ^^1 


m-lotin, 76-80 


Ozaniun, 17 ^^^1 


Ui-tose- litmus agar or gela- 




tin, 05 






nAK.\SITI>>J, 27 ^^1 

r l-asleur, 19, 25, 33, 383,401, ^^M 


meal infusion, 96 


milk, 92 


403 ^H 


niilk-agar, 93 


Peiitoiie solution, 93 ^^^1 


pepWne-TOBolic-acid sohition. 


with roMUc add, H4 ^^M 


(«st for purity of, 93, 94 ^^H 


polatoea, 83-86 


rhagocTtosis, 404 ^^H 


in teat-tubUi, 85 


Phites, 68-T2, 101-106 ^^M 


Micrococd, 36 


apparatus uaed to molting, ^^^H 
102-106 ^^H 








^244 


tion, 68-71 ^^^M 


principles inrolrcd. 68- ^^^^| 


incrphologiuil pwuliuriiioa 
of^ 241, 242 


^H 




resiiltx of inoculation wilh, 


Petri, 106 ^^H 


244, 24.-* 


technique of makintc, KPl- ^^H 


"tuininK of, 244 


106 ^^M 


viirinlioiis in -nrulence, 244 


Platinum needles nnd loo|>8, 102 ^^H 


« l.rn. f..n,..l, 242 


PlunciK, Marcus Anloninn, Mach- ^^^1 




ings of, 16 ^^M 


249 


Post-mortem exami(i»li«n :{ mii ^^H 




iHU304-]t08 ^^H 


248 




where found, 240 




Micnucope, comiHUient I'arls of, 


^^^^^^^^^^Bttt* ^^^^1 


1(10-162 




Mii-rotome. 146 ^ 


^H 
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Post-mortem examination of ani- 
mals, precautions necessary 
at, 204-206 
preparation of cover-slips at, 

207 
preservation of tissues, 207 
Postulates to be fulfilled, 259 
Potatoes, characteristics of cul- 
tures on, 169 
preparation of, 83-86 

Bolton's method in test- 
tubes, 85 
Pure cultures, 121 
Pyocyanus, bacillus, 232-236 
chameleon phenomenon of, 

235 
pathogenic properties of, 235, 

236 
protective inoculations with, 
236 

QUARTER evil or quarter ill 
(.«fe« Symptomatic anthrax). 

RECKLINGHAUSEN, 22, 23 
Regulator, gas-pressure, 117, 
118 
thermo-, 114-117 
Rindfleisch, 22 
Roux and Ycrsin, 21)2 

APRUPIIYTKS, (leiinition, 27 
Sarcina, 38 

mode of development, 42 
Schottelius, method of exaniin 

ing cholera evacuations, 322 
Schroder and Dusch, 1'.^ 
Schulze, U> 
Schwann, 19 
Section-cutting, 145 
Septicamiia, 231), 31)5, 31)8 

micrococcus tetragenns, 21.*)- 

2-18 
sputum, 23V)-245 
Skin disinfection experiments, 

4")4, 455 
Smear cultures, 121, 123 
Smegma bacillus, staining pecu- 
liarities of, 2(35, 200 



Soil, bacteriological analysis of, 
442 
organisms present in, 372- 

375 
phenomena in operation in, 
370-372 
Spallanzani, demonstrations of, 18 
SpiriUa, 41 

Spirillum cholerse Asiatics, 313 
of Deneke, 345-349 
bioloey, 346-348 
morphology, 345, 346 
pathogenesis, 348 
of Finkler-Prior (see Vibrio 

proteus). 
Metchnikovi {ttee. Vibrio 

Metchnikovi). 
of MiUer, 349-352 
bioloffy, 349-352 
morphology, 349 
pathogenesis, 352 
tyrogenum (tieje Spirillum of 

Deneke). 
undula, 45 
Spores, formation of, 166 

method of studying, 100-108 
mode of development, 43, 44 
staining of, 137, 138 
Sputum, tubercular, 237 

microscopic examination of, 

237-239 
pathogenic properties of, 231) 
septiciemias, 239-248 
tuberculosis 249-264 
Stab cultures, 121-123 
Staining, methods and solutions 
employed, 124-158 
acetic acid, 136 
(iablx'tt's, 135 
general remarks upon, 142 
(xram's. 130 
(Irav's, 155 
Koch-Ehrlich's, 132 
Kiihne's, 153 

Lotiler's alkaline methvlene- 
blue, 132 
staining of flagella, 139 
Moeller's. 138 

ordinarv solutions ased in, 
f21)-131 
bottles for holding, 131 
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Staining, Weigert's method, 154 
Ziehl-Neelsen's carbol-fuch- 
8in, 182 
Staphjlooocci, 36 
Staphylococcus pyogenes albus, 
226 
aureus, 221 

cultural peculiari- 
ties, 219-221 
pathogenic proper- 
ties, 221-223 
where to be ex- 
pected, 221 
citreus, 226 
Sterilization, 47-60 
chemical, 60-67 
fractional or intermittent, 

52,53 
by heat, 49-60 

principles involved, 49- 
55 
by hot air, 59 

apparatus used, 59 
by steam, 50-55 

apparatus used, 55-58 
under pressure. 54 
experiments, 213-217 

with hot air, 216, 217 
with steam, 213-216 
Sternberg, 242 and 355 
Streptococci, 37 
Streptococcus pyogenes, 226 

cultural peculiarities of, 227- 

229 
effects of inoculations with, 

230 
microscopic ap|)earancc of, 

226 
where to Ikj expected, 230 
Suppuration, 21 H, 230-2;{2 

bacteria common to, 21 H, 219, 

226 
less common caases of, 2.'il, 

232 
general remarks iif)on, 2'M)- 

232 
micro8cr)pi(! ap(>earHn('c of 
pus, 218 
Symptomatic anthrax, 388, 3Ht> 
bocillas of ^^ -^^ 
Moll 



Symptomatic anthrax, bacillus of, 
differentiation from 
bacillus of malignant 
(Bdema, 393, 394 
morphology of, 389 
pathogenesis of, 392, 393 
susceptibility of animals 
to, 393 
Syphilis, bacillus of, staining pe- 
culiarities of, 265, 266 



TEST-TUBES, cleaner for, 97 
1 cleaning of, 98 

filling with media, 98, 99 
apparatus used in, 99 
plugging with cotton, 98 
position after filling, 100 
sterilization of, 98 

after filling, f9, 100 
Tetanus, bacillus of, 376-383 
biology of, 378-380 
method of obtaining, 376- 

378 
morphology of, 378 
pathogenesis, 380-382 
poison produced bv, 38?, 383 
Tetrads, 38 

Thermo-regulator, 114-117 
Thermostat, 111-113 
Tissues — 

cultures from, at aulojwies, 
206, 207 
Nuttall's spear for mak- 
ing, 207 
imbedding of, 147, 148 
preservation of, for iiiiero- 
Hcopic examination, 145, 
207 
Hcction-ciittin^^, 145 
Htaining of bacteria in, 14s- 
151 
steps in the process of, 

150 
Hl»ecial methods of — 
dahlia methmi of, 

152 
drv meth'Ml of. l.V> 
Khrlich's IV) 
Ciranr^, l')l 
< irav'^, 1 .'k) 
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TisBueSi BtaiDing bacteria in, spe- 
cial methods — 
Kuhne's, 153 
Weisert's, 154 
Ziehl-Neelsen's, 155 
Toxaemia, 397, 398 
Tripod for levelling plates, 103 
Tuberculin, 267 
Tuberculosis, 249*264 

cavity formation in, 253, 264 
diffuse caseation of, 252, 253 
encapsulation of tubercular 

foci, 254 
location of the bacilli in, 

257-259 
manifestations of, 249-255 
miliary tubercles, histologi- 
cal structure of, 251, 252 
modes of infection, 255-257 
primary infection, 255 
sputum in 237 

inoculation of animals 

with, 239 
micrt>s<'opic appearance 
of, wlien stained, 237, 
238 
stainingof, 133 13r> 
Mistvptihilitv of animals to, 
2t>7, 2r>8 
TulKTculosis, haoillus, 2')0-2(>4 
(.'ullivation of, from tissues, 
2.')9 2t)l 
appeaninct* of cultures, 
2C)l-2«)3 
methods of staining, 133-13t), 
155-15S 
drv niethfMl, Lm 
CJabl)ett's Kr> 
(Jrav's, l.V> 

Koch-Ehrlich. 132, 1;V) 
Nnttall's in<MliHe;ition 
of, i:V) 
Ziehl-Xeolson method, 
132, bV) 
inien>seopie apjH'arance of, 

263, 2ei4 
or^inisms that siiniilato it, 
264 
diHerential diapiosis of, 
2(*>o 2r.7 
>taining in tissues, I'm-I^s 



Tuberculosis, badllus, staining 

peculiarities of, 263, 264 
TvndalLaO 

Typhoid fever, bacilliis of, 295- 
304 
biology of, 290-298 
constant properties of, 303 
differentiation from bacillus 
ooli commune, 309 
, difficulty in identifying, 302 
experiments with, 304 
inoculations with, 300 

induced susceptibility to, 
300,301 
location in the tissueei, 299 
morphology of, 295 
water as a carrier of, 418, 

421, 423 
where to obtain the, 303 
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IHRK) Metchnikovi, 352^56 
biology of, 353-355 
morphology of, 352 
pathogenesis of, 355, 356 
protons, 340 34**) 

cliaraeteristics of, IMO- 
344 
biuloLMcal, WAl^UA 
monttiological, 340, 
341 
pathogenic proiwrties of, 

344, 345 
relation to cholera nos- 
tras, 340, 345 
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ATKR, general observations 

upon, 418-424 
(luatitative buoteriological 
analysis of, 424 
])recaution8 in obtaining 

sample for, 424, 425 
]>reUminarv steps in, 
425 
(|uantitative bacteriologii*al 
analysis of, 427 
counting of colonics in, 
433-4:i<) 
apparatus for, 4.'^- 
435 
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Water, quantitative bacterial 
analysis of, dilation of 
sample in, 431 
obtaining sample for, 

428-430 
preliminary test^i, 430 
selection of caltnre me- 
dium, 431, 432 
source of error, 436 
relation to epidemics, 418, 

419 
typhoid bacilU in, 420-422 



Water, value of bacteriological 
examinations of, 421, 
422 
of chemical examina- 
tions of, 422, 423 
Welch, 231, 240, 243 
Wound infection, studies upon, 
21-26 



yOOGIXEA, 40 



Catalogue of Books 



PUBLISHED BY 



Lea Brothers & Company, 

706, 708 & 710 Sansom St., Philadelphia. 

The books in the annexed list will be sent bj mtil, poet-paid, to anj Poet Offloein 
the United States, on receipt of the printed prices. No risks of the mail, howerer, 
are assumed, either on money or books. Gentlemen will therefore in most cases 
find it more conyenient to deal with the nearest bookseller. 



• ——■••••■•••< 



FER10 DIC/IL5 18d5. 

The Medical News, 

The Leading^ Medical Weekly of America, 

Combines most advantageously for the practitioner the features of the newspaper 
»nd the weekly magazine. Its frequent issues keep the reader posted en all matters 
of current interest and in touch with the incessant progress in all lines of medical 
knowledge. Close adaptation to the needs of the actiye practitioner is shown by a list 
of subscribers larze enough to justify the reduction in price to 94.00 p«r annam, 
so that it is now the cheapest as well as the best large medical weekly of America. 
It contains from twenty-eight to thirty-two quarto pages of reading matter in each 
issue. 

The American Journal the Medical Sciences. 

Containing 112 to 128 octayo pages each month, Thb Ambbican Joubxal 
accommodates elaborate Original Articles from the leading minds of the profession, 
careful Reviews and classified Summaries of Medical Progress. According to the 
highest literary authority in medicioe, " from this file alone, were all other publica- 
tions of the press for the last fifty years destroyed, it would be possible to reproduce 
the great majority of the real contributions of the world to medical science during 
that period." 

Price, $4.00 Per Annum. 



Combinations at Reduced Rates. 

Thb Ambbicax Journal of tub Medical Sciencbs, 1 Toffether 

^'^^ i' $7.50 

Thb Medical News, $4.00 / 

Thb Medical Mkws Visiting List for 1895 (see below and on 

page 16), 11.25 

With either or l>oth above poriodioals, 75 cents. 
Tub Year-B(H)k of Treatmknt for 1895 (noe page 16), $160. 

With either or both above periodicals, 75 cunts. 



Together 
$8.60 



The Medical News Visiting List, 

This List, which is hj far the roost handsome and convenient now attainable, 
has been thoroughly revised for 1895. A full dt^acriplion will he found on page 16. 
It is iMiied in four styles. Price, each, Sl.^'S. Thumb-letter Index for quick uw 25 
oenu extra. For HiH>cial Combination Rates with periodicals and the Year-Hook 
ot Treatment see al)ove. 
(12. 1. 4.) 



Lea Brothers & Co, '9 Pitblicatiokb. 

ABBOTT lA. C). PRINCIPLES OF BACTERIOLOGY: a Pnclial 
MnnLinl for Btudeuts tuid Physleiaiu. Nvw I2<1) e<l>lioD thoruuefvlr 
n'vlM'il anil irrvALly viilHrifn). In oue handaume ISmu. vnluiuc iif 471 
[mp«, with 94 engravings, of which 17 we coluvd. C"lolb, $2.75, 
Jaal reatly. 

ALLEN (HARRISON!. A SYSTEM OP nUMAN AyATOMY: 
WITH AN ISTROnrCTORY SECTION ON IIISTOUWy. Itr 
K. O. SnAKESPRARR, M. II. CooipriHing S13 doiible-<»lumu«l iiumm 
[lageii, with 860 i<iigruvingR nii t,\fiw on lOfl plates. t.nA H\ wvudcunt 
iDtbctrxt. In^xsectiniiii,each ill a portfulio. Price pvrKotinn.tSJiO. 
Also, biiuiid in one voluuK. cloth, Hi ; half Russia, <25, Soti by n»- 
Kriptioa only. 

AMERICAN SVSTGM OF DBXTISTRV. U treatises hv varium 
ftutliors. Editedhy Wilbur F.LiTCH.M.n.^n.D.8. In tliree ferr 
hiuiilsnnie super-niyal octavo volumes, coiitaininfc 3IS0 puce*, with 
18^3 UlustraUnns and !) Ai 11-page {ilate*. Per Toluine, cbth, 16; 
Wlhcr, »7 : half Morocco, W. For Kile by niwrffriion onlg. Pfo* 



VXm'.'.'h:' '■' '"■ '''■'■' -:'\lMRu^-m.'i7'.' Far 'mfr ^ynbterip- 
tianaiihi. ipplleatlon to the Pubtishvni. 

ABHHCHS'I i.'lis m; [ IMC PRINCIPLES ANP PR-VCTICE 

(IF Sll;i.l I. . I -■ iif Siiiili-nlJ' mid Prartilionera. N«« 

(lifhl mid i! V,,-. a -.liii I., hi mif liirgi- niid hnnrlmime ixitavo mlnme 
rtflllil piig'-,«iili ir.(i.;ii(;ni\iii'_'>,. cliilii.Mi: l.iutirr.*?. JuMrtaiji. 

ASHWELL (SAMUEL). A I'l; M 111 A I. TKi.ATISE ON THE 
DiSEAMES OF WOMEN. Tl.ii-I ..lin..ii. .".-.i [.i,;;.-.. Cloth.M^SO. 

A SYSTEM or l'R.ACTKAI. Mi;iH< [Ml HY AMEKICAK 

AUTH.iK-^ !■ I i.x IV !■■ 1.1 ■! |i..1,L.n. Infive 

iBixeiii'i^' ■■'■'■ iliii-intiii-ns. PrJos 

per vi'l Ill- s,itd bp tainerip- 

ATTPIELIJ ..I'JHN.. ' I1I.M1M1;\ . 1 .1.MJIAI,, MliDlfAL AND 
PHAKMACIUTlrAl.. N.'W lUtlu .-ililiiui, specially m-isrf b)f lb« 
.Author fiT Aiuericn. In one linuds..uie l3ino. voluiue Of 7M page*, 
Willi MM illiurtrelioiis, ClolU, f-'.7.'> ; li'uther, M,26. JtuI rtada. 

BARNES IROBERTl. A PltACTlCAL TREATISE ON THE DIS- 
EASES OF WOMEN. Third Aiuericaii fniin third English edition. 
In one 8vo. vol. of about suo iHigea, witli alnmt :.'IH] illus. 

BARNES IROBKBT ANI> FANCOVRT). A SYSTEM OF OB- 
STETRIC MEDICINE AND yirRCERY, THEORETICAL AND 
CLINICAL. The t^eutiun ou Embryulo^fy l>y I'KOP. Milneb Uak- 
WIALL. In one larp.- octavo voIuiub of 672 jnges, with 331 lUoffl*- 
Uoiis. Clolh, *5; leather, M. 

BABTHOLOW (ROBERTS). CHOLERA ; ITS CAUSATION, FEB- 
VENTION AND TREATMENT. In one liino. volume of 127 pa«n, 
with g Uluslralionp. Cloth, $1,26. 

MEDICAL ELECTRICITY. A PRAfTICAL TREATISE 01* 

THE APPLICATIONS OF ELECTRICITY TO MEDICINE .VXD 
SURGERY. Third edilion. In one octavo voliioie of nos piip% 
wilhllOilliiBtnUioiis. 

BASHAM(W.R.). RENAL DI8FA8ES; A CLINICAL nniDETO 
THEIR DIAGNOSIS AND TRFIATMENT. In one Vimn. voIiUDe 
iif .1114 payees, with 2t illuMmtions. Cloth, i-'l. 

BELL (F. JEFFREY). COMPAR.\TIVE ANATOMY AND PilVS- 
lOLOC.Y. In one IZnio. volume of Ml T*»f. with 23U ei 
Cloth, t2. ex* SMitntf Srriit oS Manuid; p. H. 
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BEIiliAMY (EDWARD). A MANUAL OF SUEGICAL ANATOMY. 
In one 12mo. vol. of 300 pages, with 50 illustrations. Cloth, $2.25. 

BERRY (GEORGE A.). DISEASES OF THE EYE ; A PRACTICAL 
TREATISE FOR STUDENTS OF OPHTHALMOLOGY. New (2dJ 
edition. Very handsome octavo vol. of 745 pages, with 197 original 
illus. in the text, of which 87 are exquisitely colored. Cloth, $S. 

BLLIilNGS (JOHN S.). THE NATIONAL MEDICAL DICTIONARY. 
Including in one alphabet English, French, German, Italian and 
Latin Technical Terms used in Medicine and the Collateral Sciences. 
In two very handsome imperial octavo volumes, containing 1574 
pages and two colored plates. Per volume, cloth, $6 ; leather, $7 ; 
half Morocco, $8.50. For sale by subscription only. Specimen pages 
on application to publishers. 

BIX>XAM (C. L..). CHEMISTRY, INORGANIC AND ORGANIC. 
With Experiments. New American from the fifth London edition. 
In one handsome octavo volume of 727 pages, with 292 illustrations. 
Cloth, $2 ; leather, $3. 

BRISTOWE (J. S.). A TREATISE ON THE SCIENCE AND PRAC- 
TICE OF MEDICINE. Eighth edition. In one octavo volume 
of 1325 ]>age8, with 114 illustrations. 

BROADBENT (W. H.). THE PULSE. In one 12mo. vol. of 317 pages, 
with 59 engravings. Cloth, $1.75. See Series of Clinical Manuals^ p. 13. 

BROWNE (LENNOX). THE THROAT AND NOSE AND THEIR 
DISEASES. New (4th) and enlarged edition. In one imperial octavo 
volume of 751 pages, with 235 engravings and 120 illustrations in 
color. Cloth, $6,50. 



KOCH'S REMEDY IN RELATION ESPECIALLY TO THROAT 

CONSUMPTION. In one octavo volume of 121 nates, with 45 illus- 
trations, 4 of which are colored, and 17 charts. Clotn, $1.50. 

BRUCE (J. MITCHELL). MATERIA MEDICA AND THERA- 
PEUTICS. Fifth edition. In one 12mo. volume of 591 pages. 
Cloth, $1.50. Sii* Student's Series of Manuals, p. 14. 

BRUNTON (T. LAUDER). A MANUAL OF PHARMACOLOGY, 
THERAPEUTICS AND MATERIA MEDICA; including the Phar- 
macy, the Physiological Action and the Therai)eutical Uses of Drugs. 
Third and revised eflition, in one octavo vol. of 1305 pp., with 230 illus. 

BRYANT (THOMAS). THE PRACTICE OF SURGERY. Fourth 
American frf)m the fourth English e<lition. In one imiHrial octavo vol. 
of 1040 pages, with 727 illustrations. Cloth, $<).50; leather, $7.50. 

BUM8TEAD (F. J.) AND TAYLOR (R. W.). THE PATHOLOGY 
AND TREATMENT OF VENEREAL DISEASES. New edition. 
See Taylor on Venereal Diseases. 

BURNETT (CHARLES H.). THE EAR : ITS .\NATOMY, PHYSI- 
OLOGY AND DISEASES. A Practical Treatise for the I'm- of 
Students and Practitioners. Second edition. In one Svo. volume of 
5H0 pages, with 107 illustrations. Cloth, $4; leather, .*5. 

BUTIjIN (HENRY T.). DISEASES OF THE TONGUE. In one 
fM>cket-siz<' l2nio. volume of 4.'»rt pages, with S colorcil plates and 3 
engravings. Limp cloth, iJvi.SO, Si-t! Strirx of Cihiicai Monimitc, 
page 13. 

CARPENTER (WM. B.). PRIZE ?:SSAY ON THE USE OF ALCO- 
HOLIC LIQUORS IN HEALTH AND DISEASE. Niw nlition, 
with a Pn'face hv D. F. Condik, M.D. Oih- I'Jnio. voluinr of 17S 
pages. Cloth, 00 cents. 

PRINCIPLES OF HUMAN PHYSIOLOGY. In one lar^e octai 

volume. 
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CARTKR I R. BRUn&NELL) AND FROST (W. ADASUI). OPS< 

JHALMIC SUKUERV. Jn i>iie ixx'kel-xiu- 12m-i. vulum« of sm 

iniffeB, with S)1 i^ii^rBvini^ ami (iiii- iilnlt^. Clolh, 112.25. See Siria tf 

iiinic<.lM,i«uaU,i,.lS. 
CVSPARI (OHARtiEB JR.). A TEXT-BOOK ON ritARMACY. 

Kor HtiKleiiu Hiid PhnnunciiitA. lu oiiu bkiidwuiiu wlavn volutiw, 

rlio ninthly illuNtrHtiil. In prm. 
CHA:t£DERS(T. K.). A MANU.4L OF DIET IS HEALTH ASD 

l>ISICAf<E. In one handiome 8vn. >-ol. of .103 pnges. Cloth, $3 J5. 
CHAPMAN (HENRY C.). A TREATISE OS HUMAN PHYSI' 

• ylJU}\. Ill one (icMvii vnlume of DSA pagm, with SOTi iUiiMmlioaa. 

Cloth, jLi.SO; lESthcr, $11.50. 
CH.UtLBS (T. CRANSTOUSl. THE ELEMENTS OF PHTSJO- 

LDGICAL AND P.4TH0IX)GICAL CHEMISTHY. In one hud- 

wimij octaTo vulumi- of 4.31 {>ag«s. with 3S engraituig* and 1 ooloml 

jilale. Cloth, $.1.50. 
CHKVNF (W. WATSON). THE TREATMENT OF WOCNUa, 

rLCEIt.S AND AB.S('EdSEa. In on*- 12iuo vulami: of 207 p«K«^ 

Clolh, fl:2r,. S/torlly. 
CHUKCHUjL (FIiEBTWOODi. ESSAYS ON THE PUEBPERAL 

FEVER. lu ont^ oulavi) volume of 401 [xigeB, Clolh, |;2.50. 
CLARKE I W.B.) AND IX>CKWOODlC.B.). THE DISSKCTOK'8 

MANr.\L. In oni- li'tuo. volume of 3M puBra. with 4fl cn^nrina. 

Clulh. f 1.50. Sw .SIiuUhU- Seria of il.inu.ili, [i. H. 
CLASSEN'S QU.iNTITATIVE ANALYSIS. Tran«Int«I by Eduab T. 

MMtTU, Ph.D. In(inBl3ino.vo],<.f32-l i.j.., with 3S illus. CloUi, «!. 
CLKLAND JOHN I. A DlRECTOltY Foli THE niSSETTION OP 

rilE HUMAN BODY. In m.r IJiu", v"l."f irS i«im. Ciolh.#1.3S. 
CLocsTov TnoirAs s.. rr.iNir.ir. i.ncTiT.Rsny mextal 

il..rt,. -I.' iPu |-,,i-,oM-. lA..rr.-.-r J- i,l..i liir.ii-l,'..i '-,.|H.nit.-ly In 

CIjOWEs i-i;\\k . ,\v I 1 i:\irs'i\i:vTREATlsEONPRAm- 
cal n[i:Mi.-ii;Y \\]- >.•[■ \i,rrAri\E inorganic ANALY- 
SIS. Fii'iji III.' i.iiiiili l,iiL-li-li i-.liiiiiiL. In imi' 'hnndBomc 13bni. 
volnmiMii'.;.-: ]kw». iiiih .",."-iiLi.-i-..iju->. Clolh, *2-V), 

COATS (JOSfOPUj. A TREATISE OS PATIIOI/XIY. In one veL 
r.f Ha) pii|^-«, with 3,111 L-ngmvinm. rimh, M.5(i; lettther. W.W. 

COHEN 18. SOLtS). A HANHHOOK OP APPLIED THEBA- 
PEl'TICS. One largi- liino. volnnii-, with UluHiUioiu. Prtparinf. 

COLEMAN (ALFREOl. A MANUAL OF DBSTAL SITUIERY 
AND P.\TI10L0GY. Willi Nohs) nnd AddiUoMtomdnm it tii .\bim^ 
ioin Pmctice. B)- Thus. C.STELLWAaBK, M,A,H.D.. D D.S. Inane 
han(l»ioniv octavo vol. of 412 pages, with S31 «ngnivjii|i;s. Clolh, ti^. 

OONDIE (D. FRANOS>. A PRACTICAL TRE.WISE ON 'ITIE BIS. 
EA!JE9 OF CIIILDRE:^. SUth islitian. reviwd aui) i^ntitnced. U 
ono Ibt^ Svo. volnmc of ;1S paite*. Clnlh. K.25 ; Imthnr, $fi.iS, 

OORNCL (V.). SYPHIM-- IT^ M-TrniD AN.VTOMY, DIAGNO- 
SIS AND TREAT^t^ ■ ' ' ■ ■' ■Mill Nr>i«iu.d A<i<1itioB».(.y 

J. Henrv C. Stvi- I I kM Whitr.M.D. In do> 

8vo. volume of *31 i'l ■ ir.un. CloUi, $3,75, 



CULVER (RM.) ASH Il.llU 

REAL DISEAStX 1 •■.■ 

eognvingt. Clatli, $1,7^. 
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DAliTON (JOHN C). A TREATISE OX HUMAN PHYSIOLOGY. 
Seventh edition, thoroughly revised and greatly improved. In one 
verv handsome octatvo volume of 722 pages, with 252 engravings 
Cloth, $5 ; leather, $6. 

DOCTRINES OF THE CIRCULATION OF THE BLOOD. In 

one hands4)me 12mo. volume of 293 pages. Cloth, *2. 

DANA(JAMKSD.). THE STRUCTURE AND CLASSIFICATION 
OF ZOOPHYTES. With illustrations on wood. In one imperial 
4to. volume. Cloth, $4. 

DAVKXPORT (F. H.). DISEASES OF WOMEN. A Manual of 
Non-Surgical Gynecolo^. For the use of Students and General Prac- 
titioners. Second edition. In one handsome 12mo. volume of 314 
))ages, with 107 engravings. Cloth, >1.75. 

DAVIS (F. H.). LECTURES ON CLINICAL MEDICINE. Second 
e<lition. In one l2mo. volume of 287 pages. Cloth, $1.75. 

DE LiA BKCHE'S (iEOLOGICAL OBSERVER. In one large octavo 
volume of 7CM) j>ages, with 3()U engravinp*. Cloth, $4. 

DfiXNIS (FREDERIC 8.) ANJD BIIililXGS (JOHN S.) A SYSTEM 
OF SURGERY. In Treatises by various Authors. In very hand- 
some octavo volumes, richly illustratiHl. Shortly. 

DRAPER (JOHN C). MEDICAL PHYSICS. A Text.bot)k for Stu- 
dents and Practitioners of Medicine. In one handsome octavo volume 
of 734 pages, with 376 engravings. Cloth, $4. 

DRUITT (ROBERT). THE PRINCIPLES AND PRACTICE OF 
MODERN SURGERY. A new American, from the twelfth London 
edition, etlitiHl by Stanley Boyd, F. R. C. S. In one large octavo 
volume of 965 pages, with 373 engravings. Cloth, i?4 ; leather, $5. 

DUANE (ALiEXANDER.) THE STUDENT'S DICTIONARY OF 
MEDICINE AND THE ALLIED SCIENCES. Omn.rising the 
Pronunciation, Derivation and Full Explanation of Medical Terms. 
Together with much C'ollateral Descriotive Matter, Numenms Tables, 
etc. In one stpiare octavo volume or (k)S jmges. Cloth, ^.'lo ; half 
leather, $4.50 ; full sheep, $5. ThumWetter Index for quick use, 50 
cents extra. 

DUNCAN (J. MATTHEWS). CLINICAL LECTTTRES ON THE 
DISEASES OF WOMEN. Delivered in St. Rartholomew's Hospital. 
In »)ne octavo volume of 175 pages. Cloth, $1.50. 

DUNGLiISON (ROBL.EY). A DICTIONARY OF MEDIC AL SCI- 
ENCE. Containing a full explanation of the various sulyects and 
terms of Anatomy, Physiologj-^ Me<lical Chemistry', Phannacy, Phar- 
macology', Theraileutics, Medicine, Hygiene, Dietetics, Pathology, Sur- 
gery, Ophthalmology, Otology, Lar>'ngolog\', l)i'rinat»)logy, Gyn^col- 
ojiry, Obstetrics, Petliatrics, Medical .lurisprudence, Dentistry, etc., etc. 
Bv RoiiLKY DrN(JLi80X, M. D , LL. D., late Pn>fessor of* Institutes 
of* Mtnlieine in the .Jefferson Medical College of Piiihulelphia. Fxiited 
by Rh'IIari) J. DUNCJLISON, A. M., M. D. New {21st) e<liti<»n. thor- 
oughly n-vistnl and greatly en la rgtnl and improvetl, with the Pnmuneia- 
tion, Accentuati»)n and Derivation of the Terms. In one niatniificent 
im|>erial octavo volume of 11J>1 j)ajres. Cloth, ^^7 ; leatht-r, $.*< Thumb- 
letter In<lex for (piick ust*, 75 cents extm. 

KDES (R0BF:RT T.). TEXT-HOOK OF THKHAPKUTICS AND 
MATERIA MEDICA. In one Svo. volume of 544 pagc«.. ('loth..<i.5<> ; 
leather, $4.50. 

E1M8 (ARTHUR W.). DISEASES OF WOMKN. A Mamnil for 
Stu<lents and Practitioners. lu oiu* liaixlsduie Svo. voIumh' of .'»7i» pai,'es, 
with 14.S engravings. Cloth, t.'t; leatlier, $4. 

EIiIiIS{GFX>R«F:VINER . DEMONSTRATIONS IN ANATOMY. 
Heing a (iuide to the Knowledtr*' <>f tlie Ihnnan Rudy by l>iss4eti<»n. 
F'nmi the eighth and ri'viwii Entrlish edition. In oiu- *k!Uv\v\ nvnVvwoa 
of 71»> padres, with lM!» enirraviuirs. C\o\\\, M '!"> \ VwvXwv , ^'n'I'^. 
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E30IF7r (THOMAS ADDIS). THE PRINCIPLES AND PRAC- 
TICE OF GYNAECOLOGY, for the use of Students and Practitioners. 
Thinl edition, enlarged and revised. In one large 8vo. volume of 8S0 
imjfes, with 15() original engravings. Cloth, $5 ; leather, $6. 

ERICHSEN (JOHN E.). THE SCIENCE AND ART OF SUR- 
GERY. A new American from the eighth enlarged and revisi*d Lon- 
don iniition. In two large octavo volumes containing 2316 I>age8, w^ith 
9?^4 engravings. Cloth, $0; leather, $11. 

FARQUHARSON (ROBERT). A C^UIDE TO THERAPEUTICS. 

Fourth American from fourth English edition, revised by Frane 
WooDBiRY, M. D. In one 12mo. vohime of 581 pages. Cloth, $2.50. 

FIELD (GEORGE P.). A MANUAL OF DISEASES OF THE 
EAR. Fourth edition. In one octavo volume of 391 pages, with 73 
engravings and 21 colored plates. Cloth, ^i.7o. 

FLINT (AUSTIN). A TREATISE ON THE PRINCIPLES AND 
PRACTICE OF MEDICINE. New (7th) tnlitiim, thonmghly n-vis«<l 
hy FUKPKIUCK P. IIknry. M D. In ime larg<' Svo. volume of 114.1 
pagt»s, with engravings. ChKh, .$.>.(H» ; leather, $<>.(X>. JuH rrtuiy. 

A MANUAL OF AUSCULTATION AND PERCUSSION: of 

the Piiysical Diagnosis of Diseases of the Lungs and Heart, and of 
Thonieic Aneurism. Fifth edition, R-vised hy .Jamks C. Wll^iox, M. D. 
In one iiandsome 12mo. volume of 274 pages, with 12 engravings. 



— A PRACTICAL TREATISE ON THE DFACJNOSIS AND 
TllKATMKNT OF DISEASES (>r TIIK HEART. Second ctlitiou, 
fiiliirmMJ. In oiu' tx'tjivo volunu' t»f ."mi paiir«*s. ('loth, ."<t. 

— A PItACThAL TREATISE ON TIIK PIIYSICAL EXPLO- 
RATION OF TIIK CIIKST. AM) TIIK DIAiiNOSIS OF DIS- 
KASKS AKKK(TIN(; TIIK RKSPIRATORY OlUiANS. Si^.nd 
aiMJ rrvi-i*M| edition. In oiio m'tavo volmno of ."i'U pages. Cloth, .>4..h». 

— MKDICAL KSSAYS. In ..nr TJino. v,)l. of 210 pairt-s. Cl«»th, >l.:iS. 



ON PHTHISIS: ITS MORHI I) ANATOMY, KTlOHXiY. KT(\ 

A Scrirs ut' Clinical Lecturis. In one Nvo. volume of 442 pai^es. 

Cloth, s:;..'.n. 

FOLSOM i\ r. . AN AP.STP.ACT OF STATCTKS OF V. S. 
ON crsTODY OF THK INSANK. In one svo. vol. of H»s passes. 
Cloili. sl.."»n. Also Ixtnnd with Clonsfon on Insanitt/. 

ro.STKK MIC^HAKIi . A TKXT-RooK OF PHYsrOLOMY. Fifth 

ami revi"^ mI Ann rieaii tVoni the Ht'th I'liLrli'^h etliti(»n. In one lan^ 
octavo volnnie of 1(h;4 paire*^^ with 'Mi\ engravintrs. Cloth, >4.'>0: 
leatlKT. >.'».."»(•. 

r<)TMKH<;ilili (J. >riliNKU\ THK PRACTITIONKRS HAND- 
BOOK OF TRKATMKNT. Thinl e.lition. In .me handsome -K'tavo 
vitjiiine of* (lili paiT'"". Cloth, >.».7"» : leather, .-fil 7'). 

FOWNK.S <;K(>H(;K . a manfal of KLKMKNTARY <'HKM- 
ISTRY (INoR<.ANIC AND OlKiANICi. Twelfth eilition Knj- 
It'MJxin.: WAris' I'/n/sicn/ an<l Inonjanic C/irmimtri/. In {*\U' royal 
Unio. volnnie of' lotii jtairi'^. with 1«!^ enirravinirs, and 1 eulonti 
platr. Cloth, s.'. 7.". ; leatht-r. s."..2.'). 

rox TiLHruv and t. i^oliott. kpitomk (^f skin 

HISKASKS. w ith Forninhe. For Stndi'nt>i and Pmctitioner;. Thinl 
Aniiriean tilition. revi<e«l hv T. C. Fox. In on(> snuill 12mo. volinne 
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i:^ANKIiAND (E.) AND JAPP (F.R.). INORGANIC CHEMISTRY, 
lu one handsome octavo volume of 677 pages, with 51 engravings and 
2 plates. Cloth, $3.75 ; leather, $4.75. 

FUIiliER (HENRY). ON DISEASES OF THE LUNGS AND AIR 
PASSACiES. Their Patholojo'^ Physical Diagnosis, Symptoms and 
Treatment. From second English etlition. In one 8vo. volume of 475 
pages. Cloth, $3.50. 

-G ANT (FREDERICK JAMES). THE STUDENT'S SURGERY. A 
Multum in Par>'0. In one square octavo volume of 845 pages, with 
150 engravings. Cloth, $:^.75. 

OIBBES (HENEAGE). PRACTICAL PATHOLOGY AND !HOR- 
BID HISTOLOGY. In one very handsome octavo volume of 314 
jwges, with 60 illustrations, mostly photographic. Cloth, $2.75. 

-GIBXEY (V. P.). ORTHOPEDIC SURGERY. For the use of Practi- 
tioners and Student^. In one 8vo. vol. profusely illus. Preparing, 

-GOULD (A. PEARCE). SURGICAL DIAGNOSIS. In one 12mo. 
vol. of .589 pages. Cloth, $2. See Student's Series of Manuals^ j). 14. 

-GRAY (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. 
Edited bv T. Pickering Pick, F.R.C.S. A new American, from the 
thirteentli English edition, thoroughly reviseii. In one ini[)erial octavo 
vr»lume of 1118 pages, with G3(> large and elalxirate enijnivings. Price, 
with illustrations in colors, cloth, $7 ; leather, $8. Price, with illus- 
.trations in black, cloth, $6 ; leather, $7. 

-GRAY (LANDON CARTER). A TREATISE ON NERVOUS AND 
MENTAL DISEASES. For Students and Practitioners of Mwlicine. 
In one handsome octavo volume of 081 pages, with 168 engravings. 
Cloth, $4..30 ; leather, $5.50. 

GREEN (T. HENRY). AN INTRODUCTION TO PATHOLOGY 
AND MORBID ANATOMY. Sixth American from the seventh 
Loudon edition. In one handsome octavo volume of 540 l>ages, with 
lt>7 engravings. Cloth, $2.75. 

GREENE (WILLIAM H.). A MANUAL OF MEDICAL CHEM- 
ISTRY. For the U.»«» of Students. Ha.setl ujMin Bowman's Medical 
Cheniiiftry. In one l2mo. vol.of :U0 pages, with 74 illus. Cloth, $1.75. 

GROSS 'SAMUEL W.). A PRACTICAL TREATISE ON IMPO- 
TENCE, STERILITY, AND ALLIED DISORDERS OF THE MALE 
SEXUAL ORGANS. Fourth eilition. Editetl l»y F. R. STlJRiiis, M.D. 
In one handsome octavo vol. of 1(55 pages, with in illus. Clotli,.$l..')0. 

GROSS ^SAMUEL D.). A PRACTICAL TREATISE ON THE DIS- 
EASES, INJURIES AND MALFORMATIONS OF THE URINARY 
BLADDER, THE PROSTATE GLAND AND THE URETHRA. 
Third edition, thoroughly revised and tnllted hy Sa.MUKL W. Gkoss, 
M. D. In one octAvo vol. of 574 pages, with 170 illus. Cloth, .5i4..50. 

HABERSHON (S. O.). ON THE DISEASES OF THE ABDOMEN, 

conipri.tin^ those of the Stomach, fEsophayus, Ca**cum, Intestines 
and Peritoneum. Second American from the third English t^lition. 
In one <H*tavo volume of 554 page^j, with 11 engnivings. (M«)th, .iN.*}.50. 

HAMILTON f .\LLAN MCLiANE). NERVOUS DISEASES. THEIR 
DESC'RIPTION AND TREATMENT. SooimI and nvisc*! iditiim. 
In one octavo volume of 5l>,S pages, with 72 ciiKraviiii^'s. ('lotli,$4. 

HAMILTON (FR.VNK H.). A PR.U'TICAL TRK.VTISE ON FRAC- 
TURES AND DISLOCATION'S. Eljrhth ctiltiou, revis<rd and edl< 
by Stkpiikn Smith, A. M., M. I). In one handsome (K!tavo volo 
S.'i2 pages, with .'>07 engnivings. Cloth, $5.50; leather tftJW 

HARDAWAY' (W. A.). MANUAL OF SKIT 
12mo. volume of 440 pages. Cloth, ^\, 
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HARE (HOBART AMORY). A TEXT-BOOK OF PRACTICAL 
THERAPEUTICS, with SjH'cial Reference to the Application of 
Remedial Mea^sures to Disease and their Employment upon a Rational 
Basis. With articles on various subjects bv well-known $)iecialists. 
New (4th) edition, revised and enlarged. In one octavo volume of 
740 pagOH. Cloth, $3.75 ; leather, $4.75. JuH ready. 

HARE (HOBART AMORY), EDITOR. A SYSTEM OF PRAC- 
TICAL THERAPEUTICS. By American and Foreign Authors. In 
a series of contributions by 78 eminent Physicians. Three laive «>ctavo 
volumes comprising 3544 ]»ages, with 434 engravings; Price per 
volume, cloth, $5 ; leather, $(> ; half Russia, $7. For sale by sub- 
scription only. Address the publishers. 

HARTSHORXE (HENRY). ESSENTIALS OF THE PRINCIPLES 
AND PRACTICE OF MEDICINE. Fifth edition. In one 12mo. 
voluuje, t)Gf> pages, with 144 engravings. Cloth, $2.75 ; half b<mud,$3. 

A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one 

iL'mo. volume of 310 }iages, with 220 engravings. Cloth, $1.75. 

A CONSPECTUS OF THE MEDICAL SCIENC1':S. Comprising 



Manuals of Anatomy, Physiologj', Chemistr}-, Materia Me<lica, Prac- 
tice of Medicine, Surgery and 0))st*'trics. Second editi<m. In one royal 
12mo. vol. of 1028 pages,' with 477 illus. Cloth, $4.25 ; leather, $.'>. * 

HAYEM (GEORGES). PHYSICAL AND NATURAL THEllA- 
PEUTICS. The Uenutlial Use of Heat. Electrieitv. Mo«litieati<ms of 
Atmosiiherie Pressure, Climates and Mineral W'aters. Editeii by 
Pnif. H. A. Hakk, M. D. In one iH'tavo volume with numerous 
ilIustratH)iis. Prvjuwimj. 

HERMAN (G. ERNEST). FIRST LINES IN MIDWIFERY. In 

niu' 12IIIO. vol. of ll>s pjitres, with SO engravings. Cloth, $1.20. See 
St mil iit\'< Sft'its of Man iiii/s, p. 14. 

HEKMANN (Ij.>. KXI'KKIMKNTAL PHAUM ACOLOGY. A Haml- 
i»ook ot" ilic MrthiKJs tor Dftfriiiiniiiir tli«' IMiysioloirical Action-N of 
Driii:^. Translaitd by UuuKirr Mi:ai>k Smith, M. D. In lau- 12m»». 
volmnr of l!M» pairi's, with .'i2 rnu'ravinsrs. Cloth, ."^l.'M). 

Hllili (HKHKEIii:V>. SYTIIIUS AND LOCAL COXTA(il()US 

IHS()K1H:U.<. In oiu- Svo. v«.luMU' of I7!> i»UL'es. Cloth, .Si.J.'. 

HILIiIKU .THOMAS). A HANDBOOK OV SKIN DISEASES. 
SfComl iMlitioii. In one royal 12nio. volunie of IIYA \>AiZ%'<, with two 
|»lat«N. Cloih, slM.*.'». 

HIUST (HAKTON <\) AND IMKUSOL GEORGE A.. HUMAN 

MoNSTPvOSlTIKS. Mairnificint folio, c<»ntainini: 22<» pajvN of text 
and illn>tniled with \'2.\ mi^ravinirs and '.VJ lari,'e photoijraphic plates 
from nature. In four parts, prio- eaeh, s.'). Limited edition. For snie 
/»// .siil'.>cripfion (mill. 

HOIUiVN iHICHAUl) 1). . A DKTloNAIlY OF THE TKIIMS 
rsKD L\ MKDK INK AND TIIK ( 'oLL-VTHKAL SClKNCES. 

In one 1 mo. v«»lnme of .')L'(i «lonl»le-eoInniiH'd patjes. Cl«»th, .'<1..>>: 
U-iitier. >J. 

hoim;e 'Hu<;h li. . on diskasks pi:( iliau to women. 

INilJDINt; DiSPLACKMKN'rs or TIIK ITKias. Si^-ond ami 
n\ i>^«d edition. In one >vo. vol. ..f ."»l!' pp.. with illn«^. ( htth. >4..">4i 

HOI FMAXN I HEDEUH'K AND POWKK FREDKKK K B. . 

A MANIAL OF CIIK.MK AL ANALYSIS, as Applied to the 
lv\:imin:iti<»n of \Irdieinal ('h^mi(•a!^ and their l're|>araition».. Thini 
• dition. rntinly n ^^ riltm and mu<'h tnlar'jrd. In on«' hand<onie i»otav»» 
\t>lnnM «.f liL'l p;iir<'^. uith 17!' ciiirraN im:^. ('l<tth. >4. "_'■'». 

HOLDEN lATHEH . LA N DM A i:KS. M KDH AL AND SUUC.I- 

< A L. I'mm the ihir«l Kni:li^h edition. With ad«liti«»ns l»y W. W. 
Ki.i.N.M. D. In one ri>val IJino. volnim- i»f 11^ |»aj;«'S. Cloih, si. 
HOLLAND SIR HENUV). MKDH'AL NOTKS AND llEFLEC- 

ri<>NS. Froni thinl KnLrli>»h A-dition. In one Svo. volume <»f 49'i 
pau'«"«. riuth, s.>. .">«>. 



[OL.1HEH (XIMOTHYI. A TREATISE ON SURGERY. lU Prin- 
ciplw Mill I'niPiir"-, A ti'-w AnirTinin fn-iii thf flfth Enflieh tiiitiiju, 
EailedbyT.PiiKv-iiix.i I'l. k 1- C.rs, T.M..i.-h,„„l*„.,.. wuv,, vol- 
nmeof 10()8 poi.--, i> j- . ,.. i ,■.■ m,.,.- • |. d. •-. ■■ .■•l,-i . .-:. 

A SYSTEM ut -i I . : .. . :. . . ■. ., v.irii.iu 

A-inericaii nutlmr- ' i. i' i' ". '- in tlirve 
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JACKSON <:i;<nn;i: lllOMASi. THE READY-REFERENCE 

HANJ>l;Mrjk ur hlsi;Af*GS OF THE SKIN. In od« 12iiiu. 
v-iirt' f .-.44 |.a_-. V xiili ,'.11 «i(frovlup). S2.T0. 

^AMIESON iW. ALLANj. DISE.VSES OF THE SKIS. Third 
wtitiuu. lu on» iwIovd volume of U5tl )>tigi«, with 1 engnviiig ami 9 
(]DUbli>p>g«' clinini<>-lilh<>gm|ibic plains. Cloth, t6. 

JONK8 (C. UANDFIEU)), CLINICAL OKSKRVATIOSS ON 
KrNcTinXAL NEKVOrS DlftOJUn:):- -.,,,.,.1 \ii:,,i,-iMi e<ii- 
linii. Ill I'lif •x'lavo volume of MO piin- ' ; . . 

Jtrij:K|HI-:\ltV|. A HANDROtIK "i .■ ;; : :, ! i, -i 1I;SCE 

AND HiACTICE. New |:id) edition. In ■■ -049 

\Mgi», willi JUl I'ngnLvliiM, 1* chniuiii-liili,>^i,.)ihi> f'uu. i-, ii'-i-lyya of 
JueiRr fti,d Snellen, ftud Holmgren's Cului-Illiudiiiis Tnt. CloA, , 
tUM I leather, (ai.50. | 

KINO (A. P. A.I. A ?.IANUAL OF OBeTETHlO*. Fifth ediUiHt. In 
■ 1111- ..f Wi \':tur~. .uth l.Mi illii«lntti.jii». Cloth, t^lJUh 

JUiEIN .I-;. . I I I Ml N I- . n ill- I. .1 ' ".1 r,,i>rfh nliUnn. In 
> iili I9i ent'Divings. 
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liEA (HENRY C). FORMULARY OF THE PAPAL PENITENTI- 
ARY. In one 8vo. vol. of 221 pa>?t»8, with frontispiece. Cloth, $2.^0. 

SUPERSTITION AND FORCE; ESSAYS ON THE WAGER 

OF LAW, THE WAGER OF BATTLE, THE ORDEAL AND 
TORTURE. Fourth edition, thoroughly reviseil. In one hand- 
some royal 12nio. volume of 629 i)ages. Cloth, $2.75. 

STUDIES IN CHURCH HISTORY. The Rise of the Temporal 

Power — Benefit of Clerg)- — Excommunicati<m. New edition. In one 
hand.some 12mo. volume of 005 pages. Cloth, $2.50. 

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY 



IN THE CHRISTIAN CHURCH. Second edition. In one hand- 
some octavo volume of 685 pages. Cloth, $4.50. 

liEDGEK. THE MEDICAL NEWS PHYSICIAN'S LEDGER. Con- 
tains ;^00 pages ledger paper, ruled in approved style. Strongly 
lK>und with patent flexihle back. Price, $4. 

liEE (HENRY) ON SYPHILIS. In one Svo. volume of 246 pages. 
Cloth, $2.25. 

LiEHMANN (C. G.). A MANUAL OF CHEMICAL PHYSIOLOGY. 

In one Svo. volume of 327 pages, with 41 engravings. Cloth, $2.25. 

LiElSHMAN (WILLIAM). A SYSTEM OF MIDWIFERY. Includ- 
ini; the Disejises of Pregnancy and the Puerperal State. Fourth edi- 
tion. In one octavo volume. * 

LOOnS (ATiFRED L.) AND THOMPSON (W. OILMAN). 

A SYSTEM OF PRACTKWL MHDK INE. In Treatises by Vari- 
ous Autliors. In very liandsoine 8v(». volumes with illus. Prfp'trimj. 

LUCAS. CLKMKNT). DISEASE.S OF THE URETHRA. JWjnin'n^. 
Sir .SV/'/<>' (if CUnU'til Jf(inn(i/.>i, p. l."i. 

LUDLOW f.l. L.). A MANl'AL oF EXAMINATIONS UPON 
.WATOMY. PHYSIOLOGY, SlRCJERY, PKACTU^E OF MEDI- 
CIXH.OHSTETIUCS. MATKPviA MEDUSA, CilKMlSTKY. PllAR- 
M AC Y AND TIIEUAPErTK S. To which is mhlM a Mcdicul For- 
miihiry. Third i-ditioii. li\ one royal 12ino, voluine »if Sl^i jKiiro, with 
.■;7o onL'nivini,'s. (Moth, s'.'k'2o : li-athcr, $;).7.5. 

lil'FF (AKTIiril P.). MANUAL OF CIIEMISTIIY, for the u>e «»f 

Sunl«iils of Mrdifiiic. In om- IJiiio. v(»Iuiiu' of 'i2'2 |)ai;cs, with .W 
rU'^raviiii^s. Cloth. ."^L*. Set' .Stnthnt's Srri'rs of MuiinnJs, p. 14. 

liVMAX (HK\KV3I.^. THE PUACTICE OF >IEl)iriXE. In «»ne 
very hainl.M»iin' octavo volume of ;»:?.■) paircs, with 170 eni;raviiiu'S- 
Cloth, sl.7.'): leather, $.">.75. 

liVOXS .IIOIIKUT I).). A TKEATISE OX KKVEK. In one octavo 
volmiie of :U't'2 paLTo. Cloth, .^'J L*.'). 

MAISCH i.IOHX M.>. A MAXUAL OT OUdAXIC MATERIA 
MI'.PICA. Fifth edition. In mie wry liandMune 12nio. volume «>f 
.')|| i»:iL'e>^, with L*7(> eiiLjravinirs. Cloth, s.i. 

M.AXrAfjS. See S(n,hnt\< Quiz S rir.<, p. 14, Sf ii'Irnf'ii Sreit-.f of }[<n\H- 
<ils, j». 11. and Srr'ns nj (Uinicnl Mnniinl.'i, j». l.{. 

M.VRSH (HOWAUD . DISEASES oF THE JOIXTS. In one l2ino. 
vdliiine (if 4oS paires. witlH!! enL'raviiiLjs an<l a colortti plat<'. Cloth, .^i. 

See Siri(K of ( lininil Mitnitu/s, p. 1 ."^ 

MAViC. H.i. MAXCAL or THE DISEASES OF WOMEX. For 
the nM- of Students .mikI Pra«'tilioner>. Second etliii«>n, revised hy L. 
S. IIai , M. |). in one IJnio. volume of .>«;«i pau'cs, with ;>l en^niv- 
inir>. < Moth. si. 7''. 

MIIil.KR (JAMKS.. PKIXCIPLES OF SIKCEUY. Fi.urth Amcri- 
ea/i fnun the third Kdiulnir.rh e<lition. In one larije octavo v<dume of 
«»SS jtaires, willl «4n e\ejiv;vv\\\i>. C\vA\\, >.\.~Ta. 
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ftnd 17 cnitraviii)^, (lulli, ta.mi. Juti rrmli/, 
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PliAYFAlR (W. 8.). A TREATISE ON THE SCIENCE AND 
PRACTICE OF MIDWIFERY. Sixth American from the eighth 
English edition. Edited, with additions, by R. P. Harris, M. D. 
In one octavo volume of (597 pages, with 217 engravings and 5 plates. 
Cloth, $4 ; leather, $o. 

THE SYSTEMATIC TREATMENT OF NKRVE PROSTRA- 



TION AND HYSTERIA. In one 12mo. vol. of 97 pp. Cloth, $1. 

POIilTZER ( A1>,\IH). A TEXT-BOOK OF THE DISEASES OF THE 
EAR AND ADJACENT ORGANS. Second Ameriwin from the 
thinl German edition. Tmnslat<*<l by Oscar Dodd, M. I)., and 
etlited by SiR William Dalby, F. R. C. S. In one octavo volume of 
748 pages, with 330 original engriivings. Cloth, $5.50. 

POWER (HENRY). HUMAN PHYSIOLOGY. Second eilition. In 
one 12nio. volume of 390 pages, with 47 engnivings. Cloth, $1.50. 
See StudenVs Series of Mannah, p. 14. 

PURDY (CHARLES W.). BRIGHT'S DISEASE AND ALLIED 
AFFECTIONS OF THE KIDNEY. In one octavo volume of '2i<S 
pages, with 18 engnivings. Cloth, $2. 

PYE-8MITH (PHIIilP H.). DISEASES OF tllE SKIN. In one 
12ino. vol. of 407 pp., with 28 illus., 18 of which are colored. Cloth, $2. 

QUIZ SERIE8. See StiulerU's Quiz Scries, p. 14. 

RAIiFE (CHARLiES H.). CLINICAL CHEMISTRY. In one 
12ni<). volume of 314 pages, with 10 engnivings. Cloih, $!.•><►. See 
Sttttl('nf'i< Serif's of JlothUdis, p. 14. 

RAMSHOTHAM (FRANCIS H.). THE PRIX( IPLKS AND VIWC- 
TlCi: ()r onSTKTIUC MKDICINE AND srilGKllY. In one 
iui|HTial oetnvo v<tlinne of «>4() pairrs, witli <>4 |»hitrs and nunj«'n)us 
t'niiravin^s in tli«' text. Strongly hound in leatluT, $7. 

REICHKHT iKDWAHl) T.}. A THX T-HOOK OX PHYSK >L( XiY. 

In <un' liandsonif octavo vohmu- of alKait MK) page>, rielily illnsiratc<l. 
/'/•f jniritKj. 

RKMSKN (IRA . THK PKIX( IPLKS OF TIIKoHKTKWL (HKM- 
ISTKY. Fourtli edition, thoroni:hIy rrvis<'<l and nnieli enlariri'^l. 
In one 12ino, v«»Inni<' of 32.'> pages. Cloth, .>2. 

REYNOLDS iJ. UrSSKLL). A SYSTKM OF MKOKIXK. Kd- 
itrd. with notes and additions. I>y llKNliV IIaktsiiokm:. M. 1>. In 
threi' laiL'e Svo. vol.«.., containinir .">(►.')«» closelv printed douhle-eohnnnetl 
jiaL'es, wiili MT eiiLrravinirs. Per vohinu*, clotli, .■>.'»; leather, st; -. very 
liaiuNonie half Kn^^sia, $<l..'»0, I'\>r sah' />// sfiftsrrij/fion onh/. 

RH'HAHDSON (HENJAMIN WAKl) . PHKVKXTIVK MKDI- 

<'INI-. In one oetavo volume of 721' pages. Cloth, 7<A : leather, s."). 

ROHKKTS (JOHN H.i. TIIK PUINCIPLKS AXD PIIACTK K oF 

MohllKN Sl'lKiKKY. In one octavo v«»lunie «»f 7-^<) pairf>, ^^ith 
."idl euLrraviuL:'^. Cloth, s4.r)(» : leather, ••<'»..")(>. 

Tin: COMPKXD OF AXATOMY. F«»r use in the Dis>eciinir 

iJ'MMu anil in preparim.' for Kxaininaiions. In one l«lino. volume of 
I'm; paifes. Limp cl<»th, 7.'» cents. 

ROHEHTS iSIH AVILLLAMi. A IMIACTKWL TKKATISK ON 
I IMNAKV AXD ItKXAL DISLASKS. IXCLl'DIXtr rillXARY 
|)1!P( )Sl'rs. Lourth American fnun the fourth London e<liiion. In 
one very handsome svo. vol. of r,o!> pp., with SI ilhi^. Cloth. >:>..'><». 

ROHEKTSON .J. MCGREGOR). PII YSlOLo(JICAL PHYSICS. 

In on«' rjmo. volinne of ."»;;7 paLr<""<, with lM!» euLTuvinir^. Cloth, sil. 
See Stmltnt's S< rits of .}fti nnn/s, p. 1 L 

ROSS JAMES). A IIAXDIJOOK OF TIIH DISEASKS OF THF 
Xi:ilV( >rs SVSTKM. In »»m' haiuNome octavo volume of 7J»» patres 
with 1>4 iiigravini^s. C\o\h, sA.r>M\ U-aUut, .S."),.')!!. 
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SAVAGE (GEORGE H.). INSANITY AND ALLIED NEUROSES, 
PRACTICAL AND CLINICAL. In one 12mo. volume of 551 paRCS, 
with 18 typical engravings. Cloth, $2. See Series of Clinical Man- 
uahf p. 13. 

SCHAFER (EDWARD A.). THE ESSENTIALS OF HISTOL- 
OGY. DESCRIPTIVE AND PRACTICAL. For the use of Students. 
New (4th) edition. In one handsome octavo volume of 311 pages, 
with 288 illustrations. Cloth, $3. Just ready. 

SCHMITZ AND ZUMPT^S CLASSICAIj SERIES. 

ADVANCED LATIN EXERCISES. Cloth, 60 cents; half bound, 
70 cents. 

SCHMIDT'S ELEMENTARY LATIN EXERCISES. Cloth, 50 cents. 
SALLUST. Cloth, 60 cents; half bound, 70 cents. 
NEPOS. Cloth, 60 cents; half bound, 70 cents. 
VIRGIL. Cloth, So cents; half bound, $1. 
CURTIUS. Cloth, 80 cents; half bound, 90 cents. 

8CHOFIELD (ALFRED T.). ELEMENTARY PHYSIOLOGY 
FOR STUDENTS. In one 12mo. volume of 380 pages", with 227 
engravings and 2 colored plates. Cloth, $2. 

SCHREIBER (JOSEPH). A MANUAL OF TREATMENT BY 
MASSAGE AND METHODICAL MUSCLE EXERCISE. Trans- 
lated by Walter Mendelson, M. D., of New York. In one hand- 
some octavo volume of 274 pages, with 117 fine engravings. 

SEILER (CARL). A HANDBOOK OF DIAGNOSIS AND TREAT- 
MENT OF DISEASES OF THE THROAT AND NASAL CAVI- 
TIES. Fourth edition. In one 12mo. volume of 414 pages, with 107 
engravings, and 2 colored plates. Cloth, $2.25. 

8ENN (NICHOLAS). SURGICAL BACTERIOLOGY. Sec<md edi- 
tion. In one octavo volume of 208 paces, with 18 plates, 10 of which 
are colored, and 9 engravings. Cloth, 5:>2. 

SERIES OF CTitVICAL MANUALS. A Series of Authoritative 
Monographs on Important Clinical Subjects, in r2mo. volumes of about 
."».■>() ])ages, well illustrated. The following volumes are now ready : 
Broadbent on the Pulse, $1.75; Yko on F(kk1 in Health and Disease, 
$2; Cartkk and Frost's Ophthalmic Surgerv, $2.25; Hutchinson 
on Syphilis, $2.25; Marsh on Diseases of tlie .lointa, $2; MoRRiR 
on Surgical Diseases of the Kidnev, $2.25; Owkn on Surgical 
Diseasi's of Children, $2; Pk^k (m iTractures and Dislocations, $2; 
BUTLIN on the Tongue, $;?.50; Savage on Insanity and Allied Xeu- 
nises, $2 ; and Treves on Intestinal Obstruction, $2. The following 
is in press: LrcAS on Diseases of the Urethra. 
For seimrate notices, see under various authors' names. 

SERIES OF STUDENTS MANUAIiS. See next page. 

SIMOX (W.). MANUAL OF CHEMISTRY. A Guide to Lectures 
and Lnboratorj' Work for Beginners in Chemistrv. A Text-b<M>k 
specially adai>ted for Students of Pharmacy and Medicine. New (4th) 
eilition.' In one Kvo. volume of 41K) pages, with 44 engravings and 7 
plates showing colors of 5<J tests. Cloth, $3.25. 

SliADE (D. I>.). DIPHTHERIA; ITS NATURE AND TREAT- 
MENT. Second inlitioii. In <>ne royal 12mo. vol., 158 j>p. i^loth, $1.25. 

SMITH (EDWARD). CONSUMl>T10N ; ITS EARLY AND REME- 
DIABLE STAGES. In one Svo. volume of 25:^ pp. (loth, $2.25. 

SMITH (J. liEWIS). A TREATISE ON THE DISEASES OF IN- 
FANCY AND CHILDHOOl). S4venth edition, revis^Ml undenlargwl. 
In one large Svo. V(>lume of .ssi pajres, with 51 illustratiims. Cloth, 
$4.50; leather, ^'>.5(). 

SMITH (STEPHEN). OPERATIVE SEIKJERY. Second 
oughly revised eiUtion. In one (Kjtavt* volume of 892 p 
1005 engravings. Cloth, $4 ; leather, :^">. 
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MENT. In Olio 12iuii. rohiiue iif 163 pages, with » choH shoirituc 

ruutes of previouH epidi-mico. Cluth, SI.25. 
THERAPKUTICS AND MATKRIA MEDICA. Fourdi iuhI 

t¥vi9»i (slitiuti. lij two rwtar'> volumes, containinji I<i3ti tmea. 

Clnlh,eiO; IvnthLT, SIS. 
STILLE lALFKEII), MAlttCH IJOHN M.| AND CASPARI 
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